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REMARKS ON ACCEPTANCE OF FRIEDENWALD MEMORIAL PLAQUE 


WERNER K. 
Buffalo, 


thankful for the honor and 


privilege of presenting the Jonas Frieden 


I am very 
wald Lecture. I do so under the assumption 
that the honor has been awarded really to the 
many investigators who, like myself, have 
their most cherished 


elected retin logy as 


subject of scientific endeavor. In their behalf 
I want to thank the association for providing 
a forum, indeed the only existing one, for 
retinologists of all kinds to meet and ex 
change ideas, and to learn from their clinical 
colleagues and from ophthalmologic scien 
tists in general. In my own behalf I wish to 


thank the association for the encouragement 
| have received from within its ranks 

| am deeply moved to have been chosen 
Dr. 


wald. To me Dr. Friedenwald is the symbol 


to participate in the tribute to Frieden 


of a man who is inspiring by his human 
qualities no less than by his exceptional in 
tellectual and professional accomplishments 
[he spirit in which this association honors 
his memory is testimony to his greatness and 
to the affection and respect of his colleagues 
old 


searcher, | admire his courage to extend his 


and young alike. Speaking as a re 


boundaries 
had 


are: 


activities into fields beyond the 


of his immediate interest and | wish | 


his ability to be proficient in so many is 


of investigation. 


BIOGRAPHY: WER 


| was born in Germany in 1913, the son of 


~ 


a general practitioner in a small town. I was 
destined to study medicine and in due cours« 
was graduated from the University of Ham 
burg (1937). My particular interest during 
the medical school years was neurology and 
most of my internship year as well as a post 
internship period was spent at the Neurologi 
cal Clinic, University of Hamburg. Planning 


to return after two or three years to clinical 


2 


M.D. 


New Y« 


NER K. 


44 


Dr. Friedenwald’s is well known 


and respected outside o 


name 
f ophthalmology. As 
a matter of fact, few cytologists, histochem 
ists, or physiologists | have met are aware of 
that he 
rather than one of their own breed 


the fact was an ophthalmologist 


His di 
verse researches and interests enabled him to 
look at a problem from many viewpoints and 
to integrate information from various spé« 
cialized fields. Such men have been the lead 
ers of the scientific community at all times 


but the need f leadership 


ntegrating 
throughout biology and medicine is felt more 
urgently today than ever before because the 
technique s have been pushed toa phenome 
nal level of specialization. 

The danger that we become embroiled in 
the narrow aspects of our techniques and 
f our common goal is only too 


think that 


various disciplines and between researchers 


ke se sight oO 


apparent. | contact between the 
and clinicians as fostered by the Association 
the 


this 


for Research in Ophthalmology is 


strongest force presently preventing 


from happening. The association is indeed 


o have been under the influence 
} 


fortunate t 
of Dr 
endowed with his spirit for integration 


the clinical and | 


Friedenwald’s leadership ind to 


nologic aspects of ophtha 


mologic problems. 


NOELL, M.D 


I in 1939, postgradu: 


work I began, 


in physiology at the University of Berlin 


soon was engaged in research on cerel 


ral 
culation and oxygen consumption, most of 
conducted together with 
his field, Max Schneider, 


which we moved 


which was 
teacher in t 
Medical School in Danzig to 
1940 


The need to supplement our circulatory 


In 


determinations with a measure of brain func 


WERNER 


tion brought me, in 1943, to the Max-Planck 
Institut Fur Hirnforschung (brain research) 
A. | 
eading laboratory of elec 
I was by th 


University of 


in Berlin-Buch wher: Kornmiuller 
} 


D 


then 
had established a ] 


troencephalogra na “Privat 


graphy 
Doze nt” 


in Physiology at 


[ stayed at 


1946 when 


Cologne but, becauss« 


Research Ins 


a result of my inter brain hypoxia, 


hool 


ld, 


ortunity to come to the 
Medicine 


nue 


had the opy 
f Ay 


Texas, 


Randolph 


to cont 


1d headed the 
roe ncephalog 


I stayed much 


WERNER 
, 150 


nan 


y during 
181-200 


Arch., 246 


1942 


K. NOELL 


came interested in retinal physiology. 

Late in 1954 I moved to the Roswell Park 
Memorial Institute in Buffalo to be a princi 
pal research scientist and the head of the neu 
rophysiological laboratory in the Department 
of Anesthesiology. I am an associate re- 
search professor in phy siology of the Grad- 
uate School of Arts and Sciences, University 
of Buffalo, Roswell Park Division. I teach 
medical students on the campus and graduate 
students in my laboratory, where I have been 
giving a course in brain electrophysiology. 
[ participate in clinical electroretinography 
A. 


Eye Institute, Detroit. My major field of in 


with D. Ruedemann, Jr., at the Kresge 
terest is the physiology of retina and brain 
with respect to relationships between func 
tion and metabolism. 


M.D. 


1940 
chneider, M.) 
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to tudies there for 
i littie While I was assoc ted with the De 
partment of Neuropsy 
section of Neurol oy al | Elect : 
raphy. Again contrary t 
longer, enjoying the remarkable research fa 
cilities. It was at Raz Field that I be 
PUBLICA NS Ol 
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produced by severe oxygen 
3.) USAF SAM Project 497 
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19. Cerebral localization and classification of convulsions 
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encephalographic studies on rabbit 
20. Survival and revival time on the brain during anoxia (in Germar 
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21. The cerebral circulation du 
der, M.) Arch. f. Psychiat., 180:713-73 

22. A comparison of the effects o 
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24. The recovery of the brain from anoxia after admini 
graphic studies on rabbits. | i Med., 19: 337-345, 1948 
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25. Indication of earliest stages of human 


J. W.) J. Aviat. Med., 19:426-434, 1948 
26. The cerebral survival time of rabbits in anoxia: I. The ce 
procedure. (With Chinn, H. I.) USAF SAM Project #21-02-071 
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rate this in a 
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tion requires a highly spe structure, 
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very beautiful manner 


mporary view, function may 
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Cibis, Arch. 
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id Haberer, 


60-68, 1955 
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USAF 


Eichel, B.) 
Physiol., 8:444- 


Physiol., 187:619, 


Am 


ibstract). (With Baker, W. H.) An 


Ruedemann, A. D.) Arch. Ophth., 


(Witl 


). (With Cohen 


(With 1 


METABOLIC MANIFESTATIONS 


PROCESSES? 


RI 


LE 


o suit the particular function of the 


e, I would like to present 


tur 
mn these three as 


this le 
factual information 
pects of visual cell biology 
function of 
ossible to relate these to each 


some 


the metabolism, 


structure, and the cell, and | 


shall try when 
other. I shall be guided mainly by our own 


researches in which the principal approach 
has been to study the relationship between 
ind function by determining the 


metabolism 
metabolic inter 


effects of various kinds of 
ferences on the visual cell, particularly on the 
electrical manifestations of its activity.*~* An 
appropriate place to begin is with our 

the metabolism of 


of retina 


studies’ the 
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since they provide the biochemical back- 
ground for further discussion. 


IN VITRO METABOLISM OF RABBIT RETINA 


Since the visual cells are a major part of 
the retina, the study of the total metabolism 
of this tissue is a source of information on 
the cell. 


Virtually nothing is known of retinal me- 


the metabolic activities of visual 


tabolism in vivo and even the literature on 


the in vitro activities of the retina is scant 


and not as informative as needed for the 


consideration of relationships between func 


We 


retina of 


tion and metabolism therefore, decided 


to study how the the rabbit, our 
main experimentai animal, behaves in vitro 
We have concentrated upon the metabolism 
of glucose partly because glucose must be 
the 


function and partly because the 


primary source of energy for retinal 


retina of the 
rat and some other species is long known to 
produce lactic acid in vitro at exceptionally 
high rate.**-** 

Figure 1 presents in simplified form the 
presently known paths by which glucose is 
catabolized in animal tissues.*’ In the Emb 
den-Meyerhof pathway glucose after phos 
phorylation at the sixth carbon atom is 
cleaved and the fragments oxidized to yield 


two molecules of pyruvic acid. We can visu 


alize two kinds of pyruvate molecules, those 
coming from the first three carbon atoms of 
glucose and those derived from the lower 
three. The pyruvate so formed will be either 
reduced to lactate or, 


oxidized to carbon dioxide and water by way 


if oxygen is available, 


of the citric acid cycle. If oxidation occurs 
pyruvate is degraded by a series of stepwise 
oxidation in which its carbon atoms art 
verted to CO 


con 


one at a time. A brief descrip 


necessary for the un 


our results obtains 


tion of this process is 


derstanding of some of l 
in experiments with radioactive glucose 

As indicated in Figure 1, the first molecule 
of the CO 


formed from pyruvate contains 


posi 


le pe 


the carbon which 
or 4 of the 


whether the 


was originally in ion 


glucose molecules 


upon pyruvate 
first half (1 3) or the second half 
molecule of 
> 


next 


of glucose; the 
OT 5 


Actually, 


second and third molecule of CO. arise 


tains the carbon from 


position 
the third from position l or 6. 


ing successive turns of the acetyl fragm 
in the citric acid cycle, carbon 2 or 5 released 
as CO, during the second 
1 or 6 during the third turn 

The 


glucose can be 


fate of the vari 
traced by 


containing radioactive 


rom the 
con 
ind 
111 
+} 
the ise of glucose 
| 
| 
SLYCOGEN 
- 
‘ 
Fig. 1 (Noell). I 5 
se metabolism. The heavy rrov 
PENTOSE 
> trace the Embden-Meverhof pat 
PYRUVATE 
} way and e citric 
the maim eaite af 
t i phate lehvdrogenase ) The boxes 
enote endproducts. ns below 
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6-5 xVvge! 
| 
b= — 


THE VISUAL CELL 


positiot ireas indicate carbons coming from the glu 
formly. Replicate experiments cose of the medium, light areas those from 


conditions but endogenous sources 


under th 
| labelled dif [he most remarkable property of the 


glucose of 
| n the propor young retina is its high lactic acid production 


furnish 


1c which is completely ox under aerobic condition, all of the lactic 


ch steps glucos« icid coming from the glucose of the medium 

lation and ac By comparison, very little glucose is de 
moreovet! graded by the oxidation of pyruvate as indi 


the cated by the small amount of glucose car 


d by the tis bon appearing as CO,. Moreover, of the 

ose of the pyruvate molecules entering the oxidative 

endogenous route, few are completely oxidized. This is 

iginally pres shown by the large difference between the 

carbon dioxide originating from glucose car 

bon 3 and 4 and that coming from glucose 

carbon 1 and 6. Indeed more glucose carbon 

50) accumulates as metabolic intermedi 

acid cycle (marked un 

known products in Figure 2) than are con 

verted to carbon dioxide (=40). There is, 

however, a considerable oxidation of endog 

hematic forn enous substrate and, in fact, about twice as 

young retina much respiratory carbon dioxide is formed 

resents the from endogenous sources than is formed 
dioxide pro from glucose 

In short, the young retina is equipped with 


area repre 
lic machinery capable of producing 


llected; black 
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lactic acid at a very high rate compared to 
respiration and glucose oxidation. Further 
more, for its respiration the young retina 
prefers to use endogenous substrates rather 
than glucose. 

The adult retina in vitro (fig 
even greater lactic acid production under 


3) shows an 


aerobic condition than does the young; in 
fact, almost twice as much lactic acid is pro 
duced on a dry weight basis. Anaerobically, 
however, the lactic acid formed is only 25 
percent higher than in the young, suggesting 
that the over-all retinal capacity for glycoly 


sis has changed but little with the develop 


4 


functional state. A 


very striking difference between 


ment of the retina to a 


the adult 
and immature retina is the increase in respi 
ation (see CO, production) and in the utili 
zation of glucose for respiration. Five times 


more from the glucose of the 


medium enters the oxidative path than in the 


pyruvate 


young and a much greater fraction of this 
pyruvate is completely oxidized in the citric 
acid cycle. The contribution of endogenous 
carbon sources to respiration has changed 


little, and most of the respiration, almost 
75 percent, is accounted for | 
of glucose. All these changes mainly occur 


11 days and 20 days 


y the oxidation 


between the age of 


when outer and inner limbs become adult 
like in appearance and when retinal func 
tion, as measured by the electroretinogram, 
undergoes its most rapid phase of develop 
maturation in 


function and structure is not attained unti 


ment. However, complete 
the age of about three to four months 

In sumn 
adult 
ential 


ary, the in vitro respiration of th 


the rabbit is one of pretet 
this 


retina of 


glucose oxidation, property 

making its appearance during the develop 

ment of the retina to a functioning stat 

Aerobic lactic acid production 

and exceeds oxygen consumptio1 

fold on a molar basis 
The characteristic the m 

the isolated retina are best appr 

comparison with other tissues measure 

Calculations f1 


der the same conditions. 


the data of MclIlwain’® indicate that cers 


cortex slices (gray matter) 
of the adult retina, 


aerobically 


about half the rate 
their lactic acid production is 
best 15 percent and anaerobically abot 
percent that of the adult retina. Oxyge 
sumption exceeds aerobic lactic 

tion by a factor of two while the reverse is 
true for the retina. No data for comparison 


are available on the glucose oxidation of 


7 TW 
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brain slices but for the in vivo condition it 


is known that the direct oxidation of glucose 


is only about one-third of brain respiration, 


the larger part of respiration being due to 
the oxidation of endogenous non-carbohy 


drate substrates hich are resynthesized 


from glucose fragm n comparison 


1; 
} nal etadolc 


1 
Woh 


li?’ 


ith cancer 

also generally 
dry weight the adul 1 surpasses In 
th respiration and production 
ll ttré) ; how 


1 production 


high 
unusual 
ancer 


from the 


eye. The | 


1e blood can 

fast enough t respira- 
as those observed in vitro, 
nation of lac 

vivo rapidly 

-al pH in the 
mn as high as 
rather assume 
rained in vivo, 
straining con- 
property of 
lack 


isolated ra it’s 1 na does not 


which other tissues generally dis 


for instance, it responds as well as 


h uncouple phos 


other tissues to agents whi 
like brain 


respiration and, 


adult 


phorylation f 
lices, the respiration of the retina is 


marke dly iccele rated by 1e ¢ mission of cal- 


The adult ret 


ina of the rabbit differs from other tissues 


cium ions from the mediu 


voung retina), however, in 


the apparently low degree of control of gly- 
colysis by respiration, as shown by the rela 
tively small difference between aerobic and 
inaerobic lactic acid production. We assume 
this to suggest that the adult retina is heterog- 
enous in its metabolic organization, and that 
the sites of high glycolytic capacity are in 
separated from sites of high respiratory 
capacity 
What now 


cells to the over-all in vitro metabolism of 


is the contribution of the visual 


[he answer to this question is 
in part given by measurements of Lowry, 


et al.*° on the distribution of enzymes of 


glycolysis and respiration over the retinal 


lavers. From these measurements and my 


retinas lacking visual cells 


iodoacetate poisoning as later dis- 


ns reasonable to assume that 

in vitro respiration and half of 
» aerobic lactic acid production of the adult 
the visual 


’s retina is contributed by 


‘lls, whereas anaerobically about two-thirds 


the lactic acid comes from the inner lay- 


‘he rabbit’s retina has no blood capil- 
laries throughout its layers and all oxygen 
must diffuse through the retina from the 


choroid. This property probably explains 
why the cells of the inner layers, as shown 


by Lowry, et al.,** are relatively high in gly 


zymes and relatively low in en- 
ic acid cycle. In the monkey, 

find that the enzyme pattern 

of the inner layers is the opposite of that in 
the rabbit while the pattern for the visual 
cell is very similar. Possibly, therefore, the 
high rate of lactic acid production by retinas 
of species where the inner layers are vascu 
larized may reflect principally visual cell ac- 


vitv under aerobic conditions. My study’ 


retinas from mice lacking the visual cells 
to heredi degeneration indeed 


st this to be the case 


sug 


Retinal research is as well plagued as ben 
efited by many species differences and one 
should 
be mentioned. As outlined earlier, the 
rabbit 


further species-dependent property 
here 
retina is 


respiration of the adult 


ul 
s higher in tumor ce e retina ee 
Warburg”® assumed that the 
cannot be settied unt I \ ita are ava la 
ible. However, from calculations of the dif- the 
fusion of oxygen through the rabbit’s ret ral 
il irog 
of the oxygen tension at the inner surface ee 
it appears almost impossible that the retina 
‘ 
+ the car } ratec n 
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mainly supported by glucose oxidation, the 
of 
very low. In contrast the respiration of the 


oxidation endogenous substrates being 
ox retina in the same medium as used in our 
studies appears to be supported to a very 
large extent by endogenous substrates.***° 
Lowry’s enzyme measurements* ‘ have 
brought forth the important finding that the 
initial enzymes of the second main route of 
glucose catabolism—the pentose phosphate 
pathway—are present in exceptionally high 
concentration in the outer synaptic layer and 
the inner limb. While the glycolytic route and 
the citric acid cycle are the major sources of 
cell energy (ATP), the main function of the 


pentose phosphate path is believed to be the 


production of reduced triphosphopyridine 


nucleotide (TPNH) for use in synthetic re 
actions requiring reduction 

As indicated in Figure 1, the operation of 
the pentose phosphat path gives rise to Car- 
By 
measuring the carbon dioxide formed from 
that 


formed from other glucose carbon atoms an 


bon dioxide from carbon-1 of glucose 


glucose carbon-1 in comparison to 


estimate of the activity of the pentose phos 
phate path can be achieved. This estimation 
involves complicated considerations which 


have been discussed elsewhere As shown 


in Figures 


2 and 3, the activity of this path 


was evident in the young as well as in the 


It 


pyruvate, 


rabbit retina. 
of 


adult 
the 


pre duction by t 


presence 
his route i 
the 


Ss greatly 1 


apparently because 


carbon 


ncr¢ 


will be noted tha 


in 


dioxide 


reoxidation 


TPNH can be coupled to the reduction of 


1) 
shown with any tissue by Kinoshita 


and 


pyruvate to lactate (fig as 


der anaerobic conditions in the 
of pyruvate, carbon dioxide is { 
this two and one-] 
faster 


Chis 


route at a rate 
adult than 


the 


in the 
STs 
ite n 


retina to a functional st ay 


marked increase the 


Indeed, 


ported the glucose-6-phosphate « 


with a 


Schir ke 


this pathway 


ase—one of the initial enzymes 
‘reased four-fold during 
development of the retina 


role of the pentose phosphate pat 
ual cells has still to be ass« ssed 


suggest 


measurements strongly 
n visual cell functioning 


provide a 


pe rtant 1 


order to basis 


In 
discussion I would like to turn now 
descripti: n of the in vitro effects 


acetate 


rABLE 1 


EFFECTS OF IODOACETATE IN VITRO, 


EXPRESSED IN 


PERCENT OF CONTROL VALUES 


(Glucose oxidation was measured by determining the radioactivity of CO, formed from unifor 


C'*-glucose. Respiration from ende 


ration and glucose oxidation. Capacity of the pentose-phosphate path was determined as the 
icose and the CO, formed from C 


tween the CO, formed from C-1 of g! 
pyruvate. ) 


wenous substrate was calculated from the difference betwee 


6 of glucose in a medium 
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a powerful depressant of retinal lactic acid 
production and inhibits glucose oxidation al 
most as effectively. Total respiration is less 
sensitive than glucose oxidation, and an in 
crease in the oxidation of endogenous sub 
strate compensates in part for the inhibition 
of glucose oxidation. Since much smaller 


fraction of the respiration of the young ret 


ina is supplied by glucose oxidation, its res 
piration is almost unaffected by the poison 
‘id production and glu 


blocked 


duction by the 


even when 


oxidation have been virtually 


COSE 


Che 


pentose phe ysphate 


dioxide 


carbon 


pathw iy in the presence 


and oxygen is remarkably in 


of pyruvate 


creased in the young and is only 
slightly reduced in the adult 


lodoacetate is long known to be a very ef 


fective inhibitor of the triose phosphate de 
hydrogenase of the Embden-Meyerhof path 


way ® The in vitro changes of retinal me 
tabolism caused bv 1odac ite 


can be fully 
explained on this basis in the 
oxidation of endogenot ibstrates and the 
failure to observe a s inhibition of 


strongly sug 


the pent se phosphate 
gest that neither the id cycle nor the 
significant 


The ob 
ioxide production 


pentose phosphate pathway are 


sites of the action ¢ 7 the poison 


served increase in carbon d 


by the pentose phosph ite route in the 


young 
retina probably results from a diversion of 
glucose-6-phosphate into this route when the 
EmbdenMeyerhof pathway is blocked 
ATP 


available for glucose phosphorylation. By 


and 


when sufficient respiratory 


similar reasoning, the observed inhibition of 


the pentose phosphate pathway in the adult 
probably is related to the fact that both res 


piration and glycolysis are markedly affected 
so that the supply of ATP for the formation 
of glucose-6-phosphate is not sufficient any 
more to enable the phosphate-pentose path 
way to operate at a high rate 
SELECTIVE VULNERABILITY OI 


VISUAL (ROD) CELI 


The unusual featur of glucose metabo 


VISI 


AL CELL 


lism in the isolated retina are most prob- 
ably the basis for the high, selective effec 
tiveness of iodoacetate on function and 
maintenance of this tissue in vivo. The first 
indication of a selective effect of iodoacetate 
upon the retina came during a study of the 


lodo 


acetate was injected intravenously in order 


cerebral effects of anoxia in rabbits 


to determine whether a depression of the 
Embden-Meyerhof pathway would accelerate 
cerebral failure resulting from a reduction in 
We were recording the 


oxygen pressure, 


electrical activity of the visual cortex in 
response to rhythmic flashes of light. Sur 
prisingly, these responses vanished two to 
five minutes after the injection of the poison, 
although anoxia had not ‘yet been induced 


All other 


cortex, such as the reactions to alerting audi 


electrical activities of the visual 


tory or somatic sensory stimuli, were unaf 


fected. In the next experiment, electrodes 


were inserted into the lateral geniculate 
be uly. Here, too, the responses to photic stim 
ulation disappeared. The same was the case 
for the optic tract potentials. 

The effect of 


sponses of the 


iodoacetate upon the re- 
visual pathway suggested a 
blockage of excitation by the poison some- 
where within the retina. The electroretino- 

n proved this to be the case (fig. 4). The 
failure of optic tract and visual cortex re- 
sponses was associated with marked electro 
retinographic changes involving first the b- 
wave, and later the other components of the 
rabbit’s electroretinogram until finally, about 


20 minutes after the injection, all electrical 


reactions to photic stimulation had vanished. 
electro 


The complete extinction of the 


retinogram iodoacetate strongly suggested 


that the first retinal neuron, the visual cell, 
was one of the sites of action of the poison 
Indeed, the visual cells proved to be the sole 
or main target of the irreversible effect of 
the poison, which became evident when the 
that marked 


depression of the electroretinogram.** Then 


dose exceeded needed for a 


the recovery from iodoacetate, which ordi- 


narily occurred within a half to three days, 
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IODOACETATE 25 mg/kg .25 /sec 
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was incomplete or absent. In inverse rela- 
tionship to the degree of electroretinogram 


deatl The 
other cells of the retina survived until much 


recovery, visual cel had occurred 


higher doses were employed. Rabbit,?***" 


cat,*** rat** and even the all show 


the 


chicken,* 
selective effect of iodoacetate upon the 
visual cell. Significantly, in the rhesus mon 
key only the rod cells have this high and se 
lodoacetate found 


rod 


cells of the rhesus monkey just as does retini 


lective vulnerability was 


to differentiate between the and cone 


tis pigmentosa in man.*** In rabbit and cat, 


cone cells are also less readily affected than 
the rod cells, but while this differential effect 
of iodacetate appears to be a ve ry slight at 
the light microscopic level, it is of significant 
magnitude after a low dose at the level of 
electromicroscopy as recently shown by Las 
ansky and DeRobertis.“* 
In order to obtain more information on 
this remarkable vulnerability of retinal func 
tion and visual (rod) cell life, we compared 
by electroretinography the effects of iodo 
acetate and anoxia in several species of the 


vertebrate scale.? This study strongly sug- 


EEG, striate 
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Fig. 4 (Noell). Effect of intra 
venous iodacetate in rabbit on ele 
troretin« 


and 


gram, optic tract responst 


electroen¢ ephalogram, all meas 
ured simultaneously. Electroretin 
CORTE x 
gram and optic tract respons¢ 
cathode r 

sweep was triggere 1 by 
he flasl flash duratior 


heavy line under 


were 


optic tract response 
‘ 
retinogram (note dashed | 
] represents 10 msec. ) 

alogTram 


k, parietal area aj 


(P-S) Che 


tat 


gested that iodoacetate does no 


by interfering 


retinal effects 
which is the exclusive property of the 
is is the rhodopsin system, but rathet 
it affects retinal 


general cellular 


function by interfering wit! 


icked i 


metabolism. example 


iodoacet it very high dose con 
sistent effect upon the function of the frog’s 
retina, known for its low aerobic lactic act 
production; the combination, however, of 
iodoacetate poisoning and anoxia eliminated 
the electroretinogram within two to fou 
minutes, anoxia alone being very slowly ef 
fective. 

The selective retinal vulnerability to iodo 
acetate proved to be a particular property of 
mammals. In these animals, the retinal effect 
of iodoacetate appeared to surpass that of 


anoxia especially because certain iodoacetat 


sensitive components of the electroretin 
gram were relatively resistant to anoxia 
| abolished 


iffect 


‘urthermore, while iodoacetate 


retinal function without significantly 
ing heart and brain, anoxia produced cardiac 
and cerebral failure while only slowly elimi 


nating the electroretinogram. This is in part 


sec 
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illustrated in Figure 5. As a result of anoxia NITROGEN Aabbit 
induced by nitrogen breathing, all electrical 
activity of the cerebral cortex vanishes in 80 
seconds but even then the electroretinogram 
is still preserved. Moreover, the b-wave 
rabbit) which rapidly declines after iodo 
acetate administration, 
ing early sti 
slightly increased. Cyanide, 
ure 6, produces the same changes. Here, too, 
the rapid effect up rain activities and on 
the optic tract pot ial 1 response to i] 
lumination contr: with tl slow ettect 
upon the electroretino; 

Three more points concernins iodo 
acetate effect should | I First, while 
iodoacetate produces se] ve death of 
the visual cells with lestroying other ret 

, no such selective visual cell pathol 
to result from 


anoXla ; indeed, I literatur ind 


has been 


icates that function as well as visual cel 


ll life are readily 
on histopathological lence retinal cells are iffected by the poison 


more resistant to ischemia than are brai These findings, considered together with 
and that the visual cells resist ischemi our knowledge of the action of iodoacetate on 
tter than the cells of the inner lay triose phosphate dehydrogenase and that ret 


nitrogen bi ng or the bl inal aerobic lactic acid production is unusu 
ally high, argue very strongly that function 
and maintenance of the visual cell are ex- 


which abolishes traordinarily dependent upon glycolysis as a 

process distinct from total cell respiration. 

It is, of course, possible that glycolysis sup 


ro plies some metabolic intermediate essential 


iter the injec for visual cell excitation. However, the sen 

iodoacetate, and by the accumulation itivity iodoacetate of cell maintenance as 
acid in retin f t intact ey well ; t suggests that in addition to 
: subsequent any specific chemical role it may play, glycol 
Hence, if vsis must be of great general metabolic im 

ia and iodo portance to the visual cell, almost certainly 


as a source of phosphate bond energy. 
light of this interpretation we may 
} } 


ration with partial inl tion of » Em now consider the possible patterns of the 


den-Meyerhof pathwa Vhird, tl » energy supplying systems in the visual cell. 


ti certain that Ul Cres [1 ‘ It may be tr 1\ to examine ree poss! 
ble extreme cases. In | igure /, scheme A 


pairment, represents a system where phosphate bond 


electroretino energy 


tate ad where the respiratory machinery is exclu 


is obtained from respiration and 


hat visual cell sively fed through the glycolytic pathway. 
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Fig. 6 (Noell). Effect of cyar 
See Figure 4 for explanatior 
in upper two 


ower two rows sh 


that used rows 


B represents a system where the energy 1s 
produced by respiration but where the im 
mediate substrate of respiration comes from 
a noncarbohydrate endogenous store which 


is replenished from the products of glucose 


metabolism. C is a system in which all of 
the available energy arises from glycolysis it 
self. Since the energy yield from glycolysis 
is small, considerable amounts of lactic acid 


be 


yield of the respiratory system and the retina 


must produced to approach the energy 
is certainly equipped with this faculty. Con 


sider now the effects of anoxia: the energy 
yield from A or B will virtually cease since 
they are primarily dependent upon respira 
tion, while system C will be unaffected. Con 
versely, iodoacetate due to its inhibitory ef 
fect upon glycolysis, will eliminate energy 
production by C, will leave B unaffected un 
til the endogenous store becomes depleted 


and will eliminate system A by cutting off 


.2mg/kg + .4 mg/kg 
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Frabbit 25/SeC. 


ide on electroretinogram 


the supply of respiratory substrate 

In view of our finding that glucose is the 
principal source of respiratory carbon diox 
ide in the adult retina, scheme B may be dis 
carded, and evidently then anoxia would not 
be as effective as complete inhibition of gly 
colysis. However, the high effectiveness of a 
partial inhibition of the Embden-Meyerhof 
pathway compared to that of anoxia favors 
the assumption that a system like C, in which 
the available energy is principally obtained 
from glycolysis, is of very special impor 
tance for visual cell function and cell life 
When this first 


fine structure of the visual cell was still un 


conclusion was made, the 
known, but today the concept is supported 
by elec.comicroscopic evidence 
‘igure 8 gives a schematic presentation of 
the 
Rob 


Phe 


the electronmicr« ypic appearance 
cell 
De 


De 


Franchi.*® 


rabbit's rod as described by 


ertis*® and Robertis and 
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able distances to the sites of utilization. 
Worst off of all parts, because of its distance 
from the mitochondria, would be the synap 
the cell 


the processes involved in the transmission of 


tic region of rabbit's visual where 


excitation to the next neuron probably have 


special energetic requirements. Therefore, in 


stead of depending upon the supply from a 


distant center, the parts of the visual cell 


lacking in mitochondria could be adapted to 


non-respiratory metabolic support. Indeed, 


it has been shown that glycolytic enzymes in 


especially high in the 


rabbit and monkey are 
outer plexiform layer 


this compartmentation of the 


Thought 


metabolic activities of the visual cell is of 


at importance for all 


it is by 


very grt considerations 


life no means the 
life 


from 


of its 


process¢ 


only which 


property distinguishes the 
of the cell 


those of other retinal cells and the body cell 


processes visual { rod ) 
Che rabbit's visual cell is remark 
but to 


For example, ex 


in general 


sensitive not only to 1odoacetate 


oxygen poisoning as well 
i YU to 100 percent OxXy- 


ibly 
posure of a rabbit to 
gen atmosphere for 30 to 40 hours results in 
extensive and select! visual cell death, the 


other retinal ce! rviving.*® Furthermore, 


though a high dose of x-radiation is needed 
to destroy the visual cells, this dose is less 
half 


ganglion cells succumb.® 


than that to which bipolar cells and 


It is unlikely that the effects of oxygen 


poisoning x-radiation are mediated 


but rather that 


and 
through glycolytic inhibition, 
the visual cell, as all cells, is dependent on a 
number of essential processes and this would 


rtainly include processes which require 


activity of the mitochondria in the dista! 
b It is pe rhaps a conse 


quence of its function as a light receptor that 


yf the inner lim 


the visual cell is poised in a very delicate 


metabolic balance which may easilv be upset, 


> ] } ] ] 
nore easily than in bipolar cells and ganglion 


cells, 


cone cells in relation to the difference in their 


and more easily in rod cells than in 


functional organization. Nothing at present 
is known about the dynamics of the svn 


thesis and degradation of essential structural 


material in the visual cell. I would expect 


that gained on these 


points, the unusual vulnerability of the visual 


once know ledge is 


(rod) cell will be less mysterious than it ap 


pears today 


VISUAL CELL STRUCTURE IN RELATION 


rO FUNCTION 


The electronmicroscopy of the visual cell, 
presently a very active field of retinal re 
search, is the foundation upon which present 
cell 


I will briefly point out some 


future studies of visual function 


based 


of the electronmicroscopic findings 


and 
must be 
which 
are pertinent to the question of possible link 
ages between metabolism and excitation of 
the visual cell 

Che outer limb where light is absorbed and 
initial events of vision occur is 


where the 


connected to the inner limb by a structure 


analogous to the ordinary cilium of many 


plant and animal cells.**** As shown in Fig 


ure 8, the connecting cilium forms a narrow 
inner and outer limb and it 


bridge between 


seems reasonable to assume that the changes 
which light induces in the outer limb are 


transmitted through this bridge to the inner 
The close association of the mitochon 


cell 


metaboli 


limb. 


dria of the visual with the connecting 


cillum suggests a linkage, involy 

mitochondria, between the changes 
occurring in the outer limb and those trans 
mitted to the other end of the cell. This met 
first proposed by Sjdsti ind, 
the 
light induced change initio 


The 


as well 


abolic link, 


may well be involved in final step of 


transforming the 
excitation as we usually understand it 


proximal portion of the inner limb, 
as the rod fiber, 


contains a fibrillar compo 


to the neurofibrils of axoplasm, 


related 


nent similar 
suggesting that these regions are 
matter.** 


ordinary nervous 


] 


The synapse between the visual cell and 


the second retinal neuron is an unusual one 
Whereas the synapse between two neurons 
commonly consists of a close contact of the 
broadened knoblike ending of the preynaptic 
postsynpatic 


fiber with the surface of the 


element, the visual cell fiber expands at its 


th 
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end to a spherule into which the dendritic 


process of the bipolar cell penetrates and 


branches.** ** In a manner typical for synap 


ses, these fingerlike processes are separated 


from the folding of the visual cell membrane 


by a narrow g is filled with 


gap. The spherul 
vesicles, as are the presynaptic sites of most 
* In conformity with the 


other synapses 


present-day thinking on sy1 transmis 


sion, these vesicles should conta a trans 
mitter substance which influence 

Vesicie a 
the 


“OSS 


membrane 


the synaptic membrane, diffu CT 


gap, and effects a « 
bi ‘Il element, which then leads 


my 


xcitation Ss 


or the 
ip proce ss 1s 


dependent upon continuous synthesis of th 


transmitt he synaptic re 


1 131 
gion of the cell should be expected t 


tain the machinery for at least the final 
yf this 


found the 


synthetic 


process 


outer plexifort 
ingly rich in the initial enzyr 


phate pentose pathway, glucose-6-phosphate 


luconate dehy 


dehydrogenase and phosphog 


Che 


contains these enzymes in |] 


drogenase inner gion likewis« 


tions 
but less so than the outer plexiform layer 


Hence, 


the vi 


there are at least two sites within 


sual cell—at the junction between oute1 


limb and inner limb, and in the synapti 


spherule—where biochen ents might 
be intimately linked to excita 
As indicated in Figure 8, the visual cells, 
with the exception of outer and inner limbs, 
ents of the retina 


limiting 


and the other nervous eler 
are tightly enveloped by Miller cells. 


spaces between outer and inner 


membrane which are not occupied by neu 
filled with Miller cell 


retinal 


ronal structures are 
cytoplasm so that through 
region between outer and inner limiting mem 
exists, 


case in the brain.** The relationship between 


brane no true extracellular space as 1S 


Miller cell and visual cell, for instance. is so 


that rod fiber and synaptic spherule are 


le 


actually enclosed by two membranes a few 
membrane 


r, the other 


hundreds angstroms apart, one 


provided by the visual cell prope 
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by the Miller cell. A role of the Miiller cell in 
retinal function is certainly indicated, partic 
uarly in view of the recent histochemical 
findings that it is rich in certain dehydrogen 
lhe Miller cells probably are impor 


maintenance of 


ases.™ 


tant elements in the retinal 


this 


homeostasis, comparable perhaps in 


function to the pigment epithelium. 


\ZIDE RESPONSE AND ORIGIN OI 


THE C-WAVI 


I would like to discuss now a phenomenon 
which concerns a functional relationship be 


tween the pigment epithelium and the visual 


1 
cell 


Early in my study’ it was found that the 
rapid, intravenous injection of sodium azide, 
in the dark as well as in light, produces a re 


m irkable 


the DC pe tential 


change in 
the eye ( Fig. 


millivolts. The 


almost instantaneous 


Q) 


across 


amounting maximally to 20 
time interval between the injection and this 
DC 


hardly exceeded the time 


sect ynds and 
for the 


from the 


change was about four 


necessary 


blood to carry the azide solution 


vein to the eye. The response could be easily 


graded by adjusting the concentration of 


- and its form depended very much upon 
the speed of injection. Actually, the rise and 
fall of the response seemed to represent the 


the ocular bl 


concentration of azide in 
signaling the passage through the eye of the 
rapidly injected solution during its first turn 
through the circulatory system. The reaction 
to azide was, therefore, not only instanta 


neous but also rapidly reversible. 


AZIDE RESPONSE DARK 


DC POTENTIAL 


Frabbit 


Fig. 9 ( Noell) 
the eye to fast intravenous injection of sodium azide, 
1.0 mg. in 2.0 ml 


Response of 


has 
r to be amaZ 
sec 
| 
1S 
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sy testing rabbits in which the visual cells 
had been completely eliminated by a previous 


administration of iodoacetate, it could be 


shown tha‘ the electrical change in response 
to azide did not depend upon the visual cells. 


after | with iodate the 


azide response was lacking 


Howeve r 


In fact, within 


10 minutes after the administration of a high 


dose of iodate, the response to azide disap 


ed, although there wa 
of a- and b 


iodate 1s 


waves 
ome 


to the 


damage 


this and other was deduced 


isons 


the pigment epithelium or a 


was 
intimately relate to it where 


boundary 


izide produced its rise potential, 
presumably by interfering with an ion trans 
port system 

Iodate abolished act 
of the Dt 
abolished the c 


that 


itely not only the re 


potential to azide but it 


sponse 


alsc wave of electroretino 


gram, is the slow, cornea-positive po 


tential which follows e (fig. 10) 


In fact, all of the effects on the c-wave pro 


duced by 1odate or other poisons suggested 


that the c-wave and the response to azide had 
1 common site; yreovet izicle 


mi markedly 


and preferentially enhanced the c-wave 


The ( 


sitive components of 


with the azide sen 


inal oy 


the 


wave by 


potential was 


thus assumed to arise at the pigment epi 
thelium, a view supported recently by the 


Brown and Wie 


sel.°* Sudden blockage of the retinal pathway 


microelectrode studi e of 


by iodoacetate between the sites of a- and b 


wave origin did not dimi » c-wave, but 
the complete loss of visual cell excitability as 


evidenced by the disappearance of the a 
wave was associated with the complete elim 
ination of the c-wave 

Che c-wave hence seemed to depend upon 
both the pigment epithelium and the visual 
cell, the link between the two probably rep 
resented by ionic changes originating in the 


cell 
thelium by diffusion.‘ 


visual and reaching the pigment epi 


As 


The analysis went one step further. 
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10 the 


“unmasks” 


shown elimination of the 


c-wave a potential ot 


opposite his slow cornea-negative 


potential is of very simple form; in response 


Ip 
to brief illumination it rapidly reaches its 
maximal negativity and then slowly and al 
most exponentially returns to the base line; 
in response to prolonged illumination, it be 
gins to return toward the base line before the 


light 
this cornea-negative potential was insensitive 


is turned off. In contrast to the c-wave, 


to azide and therefore termed “azide-insensi 
tive slow potential.” 

We assume that this cornea-negative po- 
tential reflects the original ionic changes re- 
illumination.* We further as 


sulting from 


sume that in the absence of iodate, the pig 
ment epithelium attempts by means of active 
ion transport to restore its ionic equilibrium 


at the visual cell border, the c-wave being the 


300) 
\ 
| \ off 
peat sn loss or depres 
T-3 1 
sion histological ef \ 
fect f preferential or pri —_ \ 
\ d 
mary pigment epithelium.’ 
\ 
\ 
se 
Fig. 10 (Noell Phe wave the electroretiu 
ee nds for the middle record and 10 seconds for the 
the nort responses, at the right response 


; 


IODATE EFFECT 


te polarity occur 


illumination.* As sh« 


ch ing 


the na 


visual 


ture 


CCl 


sudden cessat 


<p riment 100 


oO 


eact 


that further studi 


indicate a 


events 


close 


Recent 


induced changes 


tion® 


and 


in electrical 
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Ot oppo 
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Sam 


hypothesis they 


f one sign in 
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lved or the 

| expect 
nomenon will 
photochemical 
on the light 
10on concentra- 


tance of rho 
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dopsin solutions®™ seem to support this think- 
ing. 

There are two general points to this study 
of the reaction of the pigment epithelium. 
The first is that a metabolic poison (azide) 
can instantaneously and selectively interfere 
with an electrical retinal function. The sec 
ond is that a non-neuronal cell of the retina 
can generate an electrical potential as a re 
sponse to ionic changes occurring in the 
neighboring neuronal cell in consequence of 


ight stimulation. 


ELECTRORETINOGRAPHIC PHENOMENA 


[he initial part of the electroretinogram 
comprising a- and b-wave in addition to other 


components, displays a multitude of normal 


phenomena depending upon the physical 


properties of the stimulus and the state of 
retinal adaptation.* ** © Figure 12 illustrates 
some of the normal variations as recorded in 
the rabbit. In relation to the multitude of 
normal phenomena and the complex char 
acter of the electroretinogram, the changes 
produced by drugs and poisons cover a broad 
spectrum of phenomena, too broad to be re 

viewed here. Instead I will briefly discuss a 


ind b-waves, as recorded in response to a 


NORMAL ERG Frabbit 
SCOTOPIC 


20/sec. I=4 


variations 
retinogram. | 
le ray is triggered by the ligl 
Grass photic stimulator), each dash of the 
mtal line represents 10 msec., vertical line 


1 
volts 


mv 
b 5 
x I-i/100 on 14 
8 
en 6 14 
2 lo 
2 4 6 
00 off 
off 8 
I 11 (Noell). The slow troretinogram px 
(no wave respons« The duratior 
tion is 100 sé nds nly t 1 ) se nds after 
rded At left the 
From Noe 
reflection of this ion transport 
Interestingly, similar events but si 
gure 11 (left 
column), of illumination 
produces in the rabbit a slow potential 
change in the pposit on of the « 
Wave lf now the if 7 soned by 
( late T ght sensitivit\ 
thus eliminated, the c-w lescribed be 
fore s replaced by t e-insensitive 
cornea-negative potent le the normal 
‘on \ Ss rel laced by i 
ornea-f i tive rear Ol \ 
Significantly the tv nsensitive \ 
the “or hange, have I=| I=.0| 
very similar forms nd st the ‘sussm \ 
umplitudes. According 
cate a PHOTOPIC 
reaction to the “on,” and of opposite sign t 
the “off” of illumination. W. | 
we: «f the ion sp 
observations flasl 
in hydroger 
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GENERATOR 


b -WAVE 
GENERATION 


x 


a - WAVE 
GENERATION 


GENERATOR 


sentatior 


13 (Noell). Schematic pre 


ator” indicates the n structures o1 


for the c-wave is the pign 


strong stimulus in the dark, and some of the 
more instructive changes of these waves re 
sulting from interference with metabolism. 

For describing and analyzing the electro 
retinogram I think of the retinal events as a 
chain of reactions to which the a- and b- 
waves are linked at certain steps. As indi- 
cated in Figure 13, I prefer to think of these 
waves as arising from side reactions rather 
than as representing potentials generating 
excitation along the pathway 

The a-wave makes its earliest appearance 
after 


about two msec. a maximal stimulus; 


the b-wave arises after about 12 msec., and 
the first sign of an optic tract response oc 
curs at about the same time. From a study of 
several abnormal conditions supplemented 
by microelectrode exploration, [ concluded 
that the a-wave is related to processes at the 
distal part of the visual cell, at or near the 
juncture between outer and inner limb, and 
that the system involved in b-wave genera- 
tion includes the outer plexiform layer.* 

[t is difficult to understand how excitation 
of small elements within the retina can give 
flow of 
throughout the eye. It seems that either a 


rise to a current which extends 


boundary parallel to the retina (such as the 


x 


3 


pigment epithelium) or a row of closely 
packed, radially oriented elements, which un 
dergo simultaneously the same change, is re 
quired for a phenomenon such as the electro 
retinogram to arise. It appeared to me at the 
time of my original studies* that the row of 
inner limbs would be best suited for playing 
the role of a boundary in the generation of 
a- and b-waves but I was unable to explain 
how the inner limbs actually could play this 
role which, for example, seemed to require 
their “sensing” of changes occurring in the 
outer plexiform layer. 

Since then all reported attempts to deter 
mine the sites of origin of the electroretino 
gram have exclusively employed microelec 
trode probings of the retina.***° Opinions 
this differ 
concluded that the ele 


formed on the basis of work 
widely. Tomita®*' 
troretinogram is generated proximal to the 
visual cells. Brindley®*** assumed that a- and 
b-waves of the frog’s electroretinogram ap 
pear across a “membrane” in the outer re- 
gion of the retina, probably the outer limit 
ing membrane, and that the structures pro 
ducing a- and b-waves “can thus only be the 
9766 ? 


rods and cones. srown and Wiesel®® from 


their recent work on the cat suggest that the 


%62 
f 
\ / 
c- WAVE 
\ 
Fig, eee, of retinal pathw nd origi 
Gene boundaries w produce a b-w 
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a-wave “comes” from the outer limb region 
and the b-wave from structures in the region 
of the outer plexiform lays 


These uncertainties as to the site of origin 


of a- and b-wave, which cannot be resolved 


at the present time, should not diminish the 


usefulness of the electroretinogram to fur 


nish information about normal and abnormal 
retinal function prov ided one rect 


ndeed, t lack of 


timulate the 


states of 


nizes the uncertainties he 


Sse 


such knowledge should rather 


netabolic condi 


use of drugs and abnormal 


tions in studying the elect tinogram and 


its relationship to metabolic activity 


Along the in of intraretinal reactions 


(fig. 13) poisons may act reference at 


one specific area of the sche1 or they may 


at several points, simultaneously or in 


sequence. | have general areas 


at which the ry elicit an 


Bl ] an 
1OCKALE ess all ac 


efttect. 
would 


tivities along the chain. Blockage at x 


cde press selective ly b-wave and optic tract re 
sponse and since x2 contains most time 


consuming step or steps in 


| chain, inter 


ference with processes at x 
latency of responses 


aftect tract 


attecting tl 


the 
x, would 
lectroretino 


response without 
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gram. The following figures give a few ex- 
amples. 

Figure 14 shows an example of a blockage 
at a step preceding a-wave generation (area 
x,) in which all responses simply vanish 
while the latency of the optic tract response 
is not increased. Apparently, the number of 
responsive visual cells diminishes as if the 
individual element were affected in an all-or 
none fashion. This is the typical effect of 
In the 


rabbit, a similar rapid decline of all electro 


iodoacetate in cat, monkey and rat. 


retinogram components occurs during high 
intensity x-radiation of the eye.‘ 

Figure 15 shows a typical chronic effect 
upon the early events of the chain, where the 
whole electroretinogram is remarkably de 
layed in its appearance as if processes at x, 
require an abnormally long time to elicit the 
first sign of an electric reaction. This change 
occurs in association with the degeneration 
of outer and inner limbs. It also is a typical 


early phenomenon of abnormal retinal func- 


tion in hereditary visual cell degeneration of 


Figure 16 gives another example of the 
iodoacetate effect in the rabbit using a high 
dose. The chain appears to be blocked first at 


} 


x», b-wave and optic tract response diminish 


CAT 


100 cy 


optic tract in cat. 


Noe 


= 
Blockag« 
= 
Fig. 14 (Noell). Effect venous iodoacetat 
(From 
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jODATE EFFECT trical change, supposedly because b-wave 
RABBIT 48 elimination “unmasks” the a-wave. As a sec 
ices ond consequence of the action of the poison, 
| ee x, is affected and the a-wave disappears 
simultaneously with a notable increase in 
latency. 
72 


a. a The next example, Figure 17, is more 


—~/ complicated it shows the effect of a mod 
erate dose of iodoacetate in the rabbit. There 
is first a decline of the “oft” wave of the 


optic tract response, associated only with a 
96 
HOURS slight electroretinographic change as if at o1 


enc beyond x, mechanisms essential for the 


gen 


eration of the “oft” t (inhibitory mecha 
nisms) were disturbed 
Somewhat later the typical increase in th 
he latency of b-wave and optic tract respons¢ 
imunistration. 
occurs, associated with a lowered peak 


while their latency increases. The rapid de plitude of the b-wave if measured from 
cline of the b-wave is accompanied by the _ baseline. While 1 ‘ems that this effect 


emergence of the a-wave in the form of an has become stabil about three mi 


extraordinarily high and long lasting elec after the injection of the poison, the 


RABBIT (IAA) 


AANANAAAAAAR 


100 cy 


16 (Noell) cute effect of intravenous iodoacetate on el 
he rabbit. Note the on and the off responses of the optic tra 


iodoacetate is already pronounced 24 seconds after the injectior 


the 
whole 
| 
| 

in { ract in the control tracing. The effect « 
(From Noell.’) 


THE VISUAL CELI 


IODOACETATE 15mg/kg 


.25/sec. 


\ we i 


f a system in the dere spherule. At any rate they 
ll now cor reaks down would suggest, do other experimental 
[t is not possible yet these effects sults, Pat retinal region at or even vitrea 
proximal end « 


involved pates 


and those of several 


visual cell partici 
b-wave generation. 


structures and metabol 
They indicate a high 


of the ( Ibvi ously, the effects 
chain at certain points 


upon a- and b 
general wa 


a vague outline of 
relationships between function and metab 


vaves will provide only 
to support 
taboli lism, simply because the affected system is 
00 large We have recently begun efforts to 


circumvent this difhculty are testing a 


technique which perhaps permits 


tions on a finer scale. In closing, | 


scribe now briefly our present 


observ a 
would like 


use of this 


+ “hy +} ] ] ¢} 
echnique 1 ne ievel or the 


retinal ganglion 


rABOLITE EI 
anoOXla al iceta up 


1 4] ‘ GANGLION CELLS 
wave and tney I weel 


one hand and cat, rat, In order to study drug effect upon the in 


these differences hence ner synaptic layer and the 


ganglion cell, 

have adapted the technique of the 
lationships between _ phoretic injection of 
glycolytic and respiratory acti 


differences in the 


electro 
ner layers and in 


drugs with microcapil 
g | 


ties menor laries which in recent years has been suc 
they perhaps may one be found to relate cessfully employed in the analysis of neuro 
to the presence or abse itochondrion muscular and spinal transmission.**-** The 
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| nges develop slower than in | ire 16 
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electrode assembly which we designed con- 
sists of two parts: a microcapillary for ad- 
ministering the drug and a 10 micron glass 
attached to the 


microcapillary. The platinum electrode was 


insulated platinum wire 
so cemented to the microcapillary that its tip 
was at a certain distance back of the tip of 
the capillary. This arrangement allowed us 
to record at the surface of the retina the best 
defined responses of the retinal pathway 
(the ganglion cell discharges) but to admin 
ister the drug deeper in the retina 

We attempted to test first the significance 
of the histochemical findings, 


technique of Koelle and | 


based upon the 
riedenwald,** that 
cholinesterase is widely localized in the inner 
synaptic layer suggesting that acetylcholine 
is the transmitter substance at the synapse 
between bipolar cell and ganglion cell."? In 
deed we obtained evidence in support of this 
theory.”* 


Y¥-AMINOBUTYRATE * 


10 sec. 


12 x10 “amp. 


pre 


1" after on 
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More to the point of our present discus 
sion, however, is the finding that two amino 
acids, glutamic acid and gamma amino 
marked effect 


upon the ganglion cells in a similar manner 


butyric acid, exerted a very 


as was recently demonstrated for spinal 


neurons by Curtis, et al Indeed, the re 
ports by Curtis, et al. stimulated us to test 
these amino acids upon retinal ganglion cells 


The effects proved to be very remarkable 


18 shows the effect 
acid 
cell to a 


he 


the start of the sweep and provoke S after 


Figure ot gamma 


aminobutyric upon the 
flash of 


light flash coincides 


Spt mse 


ganglion light delivere 


every second with 


latent period of about 40 milliseconds a bur 
After the electrophoretic 


rent is turned on, the number 


of disch irges 
of discharges 
in response to the flash decrease second by 
second and become abolished. After turning 


the current off, the discharges slowly recover 


Rabbit 


\/sec. flashes 


2" after on 


3" after on 


4" after on 


4" after off 


to 3" after off 


5" after off 


7" after off 


i" after off 


Fig. 18 (Noell). Effect of 


to the start and end respectively of 


Noell and Lasansky.) 


electrophoretically injected gamma 
a retinal ganglion cell in response to brief illumination at the 


ninobutyric acid 


start of the sweep 


the application of the electrophoretic current 


= 
— 
| 
| | 
TE on the discharges of 
(From experiments by 
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pre " after on 7.5 "after on 


2.8" ofter off 9.2" after off 14.5" after off 


"after on 8.7" after on 


non metabolites can in a specific way 


REMARKS 


Where do we stand then 
life processes ¢ th visual cell? We 
uch is known 

structure of ll. We even know the 
listribution of several key enzymes over the 
visual cell. Our knowledge of th photo 
’ chemical processes has been ce veloped to a 
current tur very high degree, mostly due to the elegant 


studies of Dr. Wald and hi up. I think 


the metabolic 


and continues to 1 ral seconds 


When current is tu | the spontaneous 
n about 10 

capacities of the retina. We apparently can 

relate structural organization and metabolism 

hone with certain aspects of cell maintenance, as 

he nerve illustrated by the effect of a metaboli poison 
lings are in support Where we are lacking is in the understand 


iin significance it ing of the electrical phenomena of the retina, 


ition that com which are such an important for detect 
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imino id is administ nanion ora 
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ing changes in the state of retinal function. 
We know very little of the relationships be 

the 


series of events between the primary photo 


tween metabolism and function and of 
chemical reaction and nervous excitation, up 
mentioning, however, that a beginning in the 
To 


what we do not know, | 


to the ganglion cell level should not miss 
latter areas has been made by Svaetichin 
enlarge the list of 


would like to stress the absence of informa 
tion about the rates of synthesis and degra 
dation of essential cell con 
for 


available and are utilized fi 


ponents, although 
become 


hope that the phenomena I discussed today 


techniques such studies have 


yr other tissues 


K 


ness, 


NOELI 


may stimulate others to include the retina in 
the sphere of their interests. 
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It seems to have of the inte of the found much atte 
cellular supporting stt to have been authors details of their 
more or less ignored by irly histologists re and arrangement are alread 
This may explain why our knowledge of th more than a hundred years. The retin 


glia of the retina is d. The neurons howe 


; 1] 
SO ill 


ll virtually unknown a 


: t} 
er. 1s 
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he Depart: ent pht iin 

Eshoratory of N that there is no other glia than the 

versity of Michigan Medical Cer ted by fibers of Mueller in the retina 
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The present paper represents a kind of a 


iry of the results of our studies of the 


sumn 


done 
It is a 


glia of the human retina tl were con 


tinuously through the last six ye 


continuation of and an addition 


glia of the human eye that were 


talks on the 


given before this same n 1955,? 56, 


human 


supporting structures the 


are classified as neuroglia. Three main 
are found 


onstration 


exXaim 


metho¢ 


only stains that have pri allow for a 


consistent and 1onstration of 


the retinal glia » silver stains were used 
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only as additional stain on small parts of the 
retina of all eyes while most of each glob 
vas imbedded in paraffine and studied with 
the acce pted methods of routine eye pathol 
Og) 

\ll illustrations presented in this paper are 


unretouched photomicrographs 


HISTOLOGIC DEMONSTRATION AND 


COMMENTS 
ASTROGLIA 


The single cells of the 


cell 


have a 


istrocytes 
all round nucleus and long cellular 
They 
inner layers 


ocesses of the istrocyvtes 


cesses networklike 


system 
Some of the 
surround the 


nglion lls and have close contact with 


ind dendrites and their cell 


sucker footlik 


dies. Other processes form 


itions on the wall of small 


1-B, c). The astroglia are art 


retinal neurons 


blood ve ssels 


inged asa 


and the blood 
issues 


( meso 


irect contact 


yport 

itional 

he neurons this function is the 
ain purpose of 

istroglia is only found in those retinal layers 

there are blood vessels: the nerve fiber 


where 


and the inner 


r, the ganglion cell layer, 


iforme layer. The inn lear layer 


However, proc- 


the inner plexi 
rround and accompany 


the 


inner nuclear 


It is important to realize that the retinal 


glia is not very different from the 


he central nervous system. This 


| 
€ irliet 
ind 57 
types ] 
the radial fibers of Mueller, the astroglia Rs astroglia are called 
ind the perivascular glia. It must be empha istrocytes since their MMM bodies are star 
ind Ul | ular ny 
ed that the neuré lia 24 ec dern in ped | gure l shows an astrocvte ot the 
origin and has nothit n ce n with the normal human retina as seen in a silver 
g is I \ 
mesodermal connective tiss Ne irog!] staines 
h she wn fo le tT the pri ratner 
ive meauliiary epithe ul I OPLIc VeOsicit pit 
which in the early phases , brvonal de in the 
velopment differentiates into neuroblast and TT 
glioblasts. The glioblast the percursers 
of the retinal neuroglia their neurites LA 
ilso known as glia. Thes the microglia lividing system between the 7777777777 
loubted re mesodet rigin. Mier essels and their connective t 
| re found u f the centr lermal in origi ihere 18 10 
ne? is syste ey first lescril vetween the neurons ind the blood vess« Ss 
Dy lel Rio Hortega* ind 1 f retore also 1e normal retina. It seems to be the unction 
1 va vandering 
phagocytes and can be ! lered as the his I 
\ demonstration of tl 
\ 
their common reactions nd patnoiogy is I 
given in the following 
MATERIAI AN I 
ne ite if used 1 piex 
s that of the human eyes that were auum has no astrocytes of its own. 
thi: | } 6g} ++ ‘ 
mn nis | | \ itory esses of tne is ocy 
rozen ctions of parts é na of laye ulways su 
eye were stained with the silver carbonate the capillaries as they ent?’ 7! 
MMs of del Rio Hortega.® These are the aye! 
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Fig. 1 (Wolter) \) 
astrocyte is seen with its gses one of which ends or 
(a) Stal shaped « 


(A. Frozen sectior 


cytes. (B) A drawing of the same astrocyte 


like process on capillary c) Blood capillary 


is not surprising since the retina actually is a intertwined processes (b) and their sucket 


part of the central nervous system. Figure 2 footlike endings on the wall of blood vessels 
shows astrocytes (a) of the normal human  (c). The astrocytes of the brain are closely 


brain. These cells also show the typical long related to those of the retina However, the 
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LE 

a 
\ b 
lortega stain, photomicrograph. ) 


THE 


1d adjusted to 
of 


latter are somewhat 1 ul 


special layer like art ment the 


neurons and the blood vessels in the retina 


the astroglia form a 


In the normal adult 
very regular honeycombed system all through 
the inner layers of the retina. This network 
the 


are somewhat larger in babies 


is somewhat denser and single astrocytes 
In senescence 


the astroglia show a d th® number 
the remaining 
glial 


of a 


of glial processes { fibe rs 


fibers are coarset hows the 


network in the retin yf a normal eve 
106-vear-ok Phe 

are small and they hav 
The 


coarse and irregular. 


1 man ytes in this case 


of their 


some 


processes remaining processes are 


vathologic changes of the 


\ multitude of | 


be observed in eve dis 


retinal astroglia can 


eases. All of the change s that we have seen 


so far are nonspecific. Details of the differ 


ent types of reaction and degeneration of the 


retinal astroglia were reported in earlier 


papers.” Hyalinization with the formation 


of different permanent hyaline structures 


the retina is the most comn 


generation seen in chroni 


MAN RETINA 


blood vessels in white matter of 


processes 


photomicrograph. ) 


tain 


icute diseases it 1s more common to see 


liquifaction and disappearance of the retinal 
astroglia. The reactions of the astroglia can 
usually be understood if their close relations 
to the retinal neurons are considered. In the 
early and less severe phases of pathologic 
processes the astroglia tries to protect the 
neurons and may be found swollen and hy 
pertrophic. In the late and severe stages the 
astroglia forms a scar and fills the space of 


cle 


neurons and cystic 


the destroyed neurons. Or it may be 
stroyed together with the 
degeneration then results. Different phases 
of proliferation and scar formation of retinal 
istroglia are demonstrated in Figures 4 to 7 
Figure 4 shows the network of astroglia in 
a flat section of the retina of an eye with ad 
retinopathy. Moderate 


But 


vanced hypertensive 
hypertrophy and proliferation is seen 
the normal networklike arrangement is well 


presery ed 


Figure 5 shows the astroglia of the inner 


retina of an eye with absolute hemorrhagic 
glaucoma following venous occlusion. The 
astroglia in this picture are even more hyper 
trophic and the astrocytes have many long 
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| 


Fig. 4 (Wolter). Flat section through inner plexiforme layer of the retina of an eye with advanced 
hypertensive retinopathy. The astroglia show moderate hypertrophy and proliferation. (Frozen section, 
Hortega stain, photomicrograph. ) 
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Fig. 3 (Wolter). Flat section through inner plexiforme layer of the retina of the normal eye of a 
106-year-old man. The glial processes are coarse. (Frozen section, Hortega stain, photomicrograph.) 
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laucom: 


Horteg 


and powerful processes ial honey 

combed architecture of 
reserved 

Figure 6 shows 

retinal gliosis in t d and shrunken 

a 12-year-old 


who had a pel 


forating injury. In this case all of the innet 


irranged gli 


retina is compt sed of d 
fibers (a). Cross t ( the 


of Mueller’s radial fibers are 


inner parts 
seen in the 
spaces between the proliferated astroglia (b 


Figure 7 shows finally 


ated 


irea Of prolitet 


retinal letached 


astroglia and 
shrunken reti 
bulbi. The retina 
is completely lost in this ca All that has re 


mained 


ise of phthisis 


architecture of the norm: 


of the reti ind irregular 


scar of astroglia 


It was seen in Figure 1 that th 


astrocytes 


normally have close relations the blood 


vessels 


They virtually surrou all retinal 


blood vessels with their sucker footlike 
esses, Hyperplasia of the la results i 
increased density of the 


\ dense systen 


also develops around new formed blood ves 


ytes around all 


blood vessels of astrocytes 


Ina, howe ver, 


ed Stage of 


sels 


lowing venous occlusions in the retina (fig 


as they may be found for example fol 


8). Figure 9 shows that numerous astrocytes 
found to 


ire also surround retinal micro 


aneurysms. These findings are not surprising 
since we already emphasized that the as 


roglia represent a barrier between the neu 
ms and the blood vessels of the retina 


Phe 


stinctly 


astroglia of the nerve fiber layer are 


different from those of the othe 


layers of the inner layers. They are bipolar 


cells with elongated nuclei and two long 
straight processes with accompany the neu- 


lhese 


led elements 


rites of the nerve fiber layer (fig. 10). 
cells are identical with the “a 


of Remak or lemmocytes There is no 


doubt that they re 
fiber the 
special architecture of this layer. Not all lem 


of the sin 


present the astroglia of the 
nerve layer which is adjusted to 


mocytes are iple bipolar structure 


f the one seen in Figure 10. Some of thes¢ 


lay show branching processes and 


there are at the limit be 


orms 


transitional 


tween nerve fiber and ganglion cell lavers 


like When 


ate under pathologic 


1 
look somewhat 


which astrocytes 


emmocytes prolifer 


con 
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Fig . Wolter ) Flat ‘ n through gangliotr ell layer of the retina f an eye with old secor lary 
4following venous The stroglia form a dense scarlike network. (Frozen section, 
| 
oon 
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Fig. 6 (Wolter). Flat sectior rough inner layers of retina of the eye of a 12-year-old boy with « 


perforating injury. The astroglia have replaced all other structures of the inner retina except for Mueller’ 


radial fibers which are s ross section (arrows ‘lat section, Hortega stain, photomicr 


) 


era 


Fig. 7 (Wolter). So-called proliferating astroglia of inner retina in the detached and shrunken retit 


] 


of an eye with old retinal detachment. (Frozen section, Hortega method, photomicrograpl 
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thin-walled vein in the retina of 


Fig. 9 ( Wolter) lense system of astroglia around a retinal microaneurysm as seen in a case of old 


occlusion of the central i capillary aneurysm shows proliferation of its endothelial cells in the 


center and hyalinization of its wal (Frozen section, Hortega stain, photomicrograph. ) 
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Fig. 8 (Wolter). The dense system of astroglia around a new-formed i 
i Case rt ¢ lusiotr the entral veu (Frozen section, Hortega stain, photomicrograph ) 
> 
~ 4. 
= 
— 
* 


J. REIMER 


Fig. 10 (Wolter). Flat 
f normal | 


u 
(arrow). 17 


fiber 


layer of man retin: ith a typical lem 


I 


mocyte 


ments with two long glial processes i 


rangement. (Frozen section, Hortega 


mic rograpl 


ditions they usually take a star-shaped form 
and cannot be differentiated from the astro- 
cytes f the deeper layers It is relatively 
rare to see proliferation of lemmocytes in 
their original shape and arrangement as seen 
in Figure 11 of an area of the inner retina 
of an eye with advanced chronic simple glau 
coma. 

The inner limiting membrane is the inner- 
most layer of the retina. This membrane is 
(1) the inner brusb- 
like ends of the radial fibers of Mueller (fig. 


composed of two parts 


12) and (2) a homogeneous substance that 
is well visible in Figure 13. The ends of the 
radial fibers form a mosaiclike pattern (fig. 
12) which is reinforced and interconnected 
by this homogenous substance. The struc 
ture of the inner limiting membrane can be 
especially well demonstrated in cases with 
retinal folding as often seen in retinal or 
retroretinal tumors or in shrinking retinal 
scars (fig. 14). The inner limiting membrane 
is considered part of the system of Mueller’s 


fibers. It is therefore not surprising to find 
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that the only area of the retina that has no 


radial fibers of Mueller also has no innet 


limiting membrane. This area is the optic 
disc. Figure 15 clearly shows that the innet 
limiting membrane ends at the margin of a 
normal optic disc. In the place of the fibers 
of Mueller the optic disc has a special type 
of astroglia with long spiderlike processes 
the so called “spider cells.”"* Vhese cells are 
astrocytes that are adjusted to serve for sup 
port, nutrition and protection of the nerve 
fibers of the optic disc. Figure 16 shows the 
surface of a normal optic disc at high power 
Chere is no inner limiting membrane and the 
dense layer of processes of the spider cells 
represents the inner surface of the optic dis« 

The that 


membrane to cover the glial structures of the 


fact there is no inner limiting 


optic disc is of some importance. This allows 


for some peculiar glial cells to grow out of 


+} 


the optic disc onto the inner surface of the 


retina and there to multiply under certain 


conditions. These cells on the inner retinal 


surface have been known for a long time 


and have, for example, by Friedenwald' 


Flat 


a Oot an eye 


section 
fiber layer of the retir 
simple Proliferation of 
seen. (Frozet ion, H 


graph ) 


rtega stain, 
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Fig. 12 (Wolter). Flat sectior rough » inner limiting membrane of the retina of a two-month-old 
rhe glia stain shows the mos of the inner ends of Mueller’s radial fibers in this layer. (Frozen 


Fig. 14 (Wolter). Folding of inner limiting 
membrane next to an old retinal scar. (Cross frozen 
section of retina, Hortega stain, photomicrograph. ) 


13 (Wolter). Cross section through the ret- 
f a normal human eye. The inner limiting mem- 
ne is well visible as a black-stained layer. (Fro 


1 section, Hortega stain, photomicrograph. ) 
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Fig. 15 (Wolter). Cross tion through the retina at tl 
at the disc margit rrow). (Frozen sect 


Fig. 16 (Wolter). High-power view of the surface of the optic disc of a normal eye in a cross section 


This is formed by a dense layer of processes of spider cells. There is no inner limiting membrane 
(Frozen section, Hortega stain, photomicrograph. ) 
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rine 
old secor 


(Wolter). 


the disk margin 


ure ‘rozet ction, Hortega stair 


(and personal communicati been called 
tains show that 
these 


1e inner limiting 


“endothelium like cells.” Our 


they actually are astroglia. Some of 


cells are found normally on tl 


membrane of normal in senescence.’ 


They are usually limited to th posterior pole 


In degenerative and old inflammatory dis 


eases, however, these cells start to prolife r 


ate and often form a whole new layer of glia 
Figure 17 shows 


a dense layer of such cells radi 


on the inside of the retina 


iting from the 


margin of the optic disc of an eye with old 


secondary glaucoma. | 18 shows giant 


igure 


glial cells within such a new layer on the 
inner retinal surface in a case of old open 
The thick of 


these cells seen in Figure 19 was found in a 


angle glaucoma membrane 
case of absolute hemorrhagic glaucoma fol 
lowing venous occlusion 

It may be mentioned that the proliferation 
of astroglia on the inner surface of the retina 
can often be recognized with the ophthal- 
at The thin 


membrane appears as a whitish superficial 


moscope clinical examination. 


1 glial cells on t 


lary 


he inner limiting membrane of the retina 
glaucoma. It appears as if these cells have grown 


crapl 
1, photomicrograph. ) 


reflex which is called “glial chagrin” by some 


examiners. 
2. RADIAL FIBERS OF MUELLER 


[ have found the radial fibers of Mueller 
usually to be relatively passive as compared 
to the,more reactive astroglia. Figure 20 
shows the surviving framework of the Muel- 
ler fibers in the retina of a case of old retinal 
detachment. All the neurons and the astrog- 
lia are destroyed in this retinal area. Some 
necrotic preservation of nuclei of the inner 
and outer nuclear layer is seen. However, 
the fibers of Mueller still show virtually no 


reaction except for some atrophy. Figure 21 


shows a folded area of the retina in a case of 
nonspecific endophthalmitis. The severe reti 
nal damage in this case has resulted in some 
destruction of Mueller’s elements in the cen- 
ter of the picture. A type of cystic retinal 
degeneration has resulted. 

Figure 22 represents a section through the 
retina of an advanced case of phthisis bulbi. 
Parts of the radial fibers of Mueller are seen 
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Fig. 18 (Wolter). New-fort 
lial ce 


One multinucleated 


in the lower half of the picture. These fibers extensive hype 
are coarse and definitely compressed. But can be said that t 
they still have about their normal arrange ina are the 


ment and show no proliferation. The astro- which disappear |. 


glia in the upper half of the picture shows esses. However. they ar 


Fig. 19 (Wolter). Very dense layer of new formed glia on the int 
hemorrhagic glaucoma. (Frozen flat section, Hortega 


382 
he radial fibers of the ret 
are mainly supporting 


GLIA OF THE HUMAN RETINA 383 


Fig. 20 (Wolter). Cross section of retina in a 
case of old retinal detachment. The astroglia and 
most of the neurons are missing. Only the frame- 
work of Mueller’s radial fibers has survived. (Fro- 
zen section, Hortega stain, photomicrograph.) 


4 


in function and rarely show active pathology. 

A peculiar type of columnar cells is seen 
in many cases of advanced scarification of 
the retina. These cells stain with the tech- 


niques for the demonstration of the glia and 


they often form bands and rosettes.** We do 


not know yet what these cells are. There is a 
possibility that they represent active radial 
fibers of Mueller. But this is not at all cer- 
tain. 

Figure 23 shows a well developed rosette 
formation of cells of this type which was 
found in a case of advanced retinitis pigmen- 


tosa. 


21 (Wolter). Cross section of the folded 

eye with endophthalmitis. Partial de- 

ruction of the neurons, the astroglia and Mueller’s 
lial fibers is seen in a central area (arrow) 
Hortega stain, photomicrograph. ) 


se 
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Sy 
Fie. 22 ( Wolter). Cross sectior 
Hypertrophic astroglia are seet 
Mueller are seen in the lower 
and show no proliferation. (F1 


Fig 23 (Wolter) 
(Frozen section, Hortega stain, photomicrograph. ) 
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with cystoid degeneration and a rosette 


hotomicrograph. ) 


f the human retina (arrow) 
, Hortega stain, photomicrograph. ) 
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Fig. 24 (Wolter). Flat tion of the peripheral retina {ee 
formation (a). (Frozen section, Hortega stain, pi! 
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Fig. 26 (Wolter) 
arrangement I 
perivascula 


laries 


somewhat similar re 


Figure 24 shows a 
sette seen in the periphery of a normal retina 
within an area of cystoid degeneration. We 


believe that this latter rosette is equivalent to 


the rosettes of the peripheral retina de 


scribed by Teng and Katzin.’ Chey are 


composed of very columnar cells 


than the rosettes found in retinal scars and 
found in 


primary vitreous attachments are 


the center of these periphet il rosettes. 


> 


3. PERIVASCULAR GLIA 

This peculiar type of glia is found only 
around the capillaries of the human retina. 
shape 


Because of staining ri ristics, 


and arrangement it is our definite impression 
that the perivascular glia is a special type of 


neuroglia.** This means that we consider it 


to be of neuroectodermal origin Liss*® 


has found the same cells in the olfactory bulb 
and in the neurohypophysis and also con 
siders them neuroectodermal in character 
The perivascular glia of the normal human 
retina represent star-shaped cells with many 


long processes which surround the wall of 
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the capillaries (fig. 25). Under normal con 
ditions all processes of these cells are found 
The cell 


bodies are much like those of the retinal as 


attached to the blood vessel wall. 


troycytes and have a similarly small round 


nucleus 


26 represents 


Figure 


struction which shows the arrangement of 


the normal perivascular glia and their rela 
l cap 
was pointed out above tha 


normal retina 


tions to the other elements of the reti 


illary wall. It 


there is nowhere in the 


contact of the neurons with the mesodern 


tissues of the retinal blood vessels Che lin 
itation of these two tissues of different ori 
gin is achieved in part by the sucker foo 
like processes of astrocytes which cover mo 
of the wall of the capillaries. It is our in 
areas of the capillary wall 


covered by the 


pression that those 


1 
Sucker Tootike 


that are 


processes of the astrocytes are surrounded 


I processes of the 


ry the perivascular glia. Th 


perivascular glia are a normal element of the 


human retina. Their function, however, is 


not yet understood 


Proliferation of the perivascular glia is a 


very common pathological finding in all kinds 


of chronic and degenerative eve diseases 


Che cellular processes become very iong and 
coarse and form bi structures 


the blood ve ssels (fig 27 ) These proce sses 
then also extend into the retinal tissues and 
blood vessel 


are no longer confined to the 


wall 


It is common to find survival of hyper 


trophic perivascular glia which often remain 


in the retina after the blood vessels to which 
the glia originally belonged has already dis- 
appeared by degeneration (fig. 28). Prolif- 
eration of perivascular glia is found not only 


It is 


also typically seen in senile de vem ration of 


in pathological processes of the retina 
the pt ripheral retina.” In these latter cases 
the structures of the proliferated perivascu 
lar glia undergo hyaline degeneration (fig. 


29). then be 


More hyaline substance may 
come deposited on hyalinized parts of these 
degenerated cells and large hyaline bodies 
may develop which can be seen as yellowish 


white glistening drusen within the periph- 


im 
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eral retina at ophthalmoscoy 


ic eXamination 
(fig. 30). The significance of 


trophy and proliferatio 


the hype 
nas well « 
ondary hyaline degenera 


cular glia 1 


the perivas 
not understood. There is no 
doubt that this occurrenc 


s nonspecific and 
may not only be seen in chronic eye diseases 


but also in senescence 


4. OLIGODENDROGLIA 
Very little is known 
droglia of the retina. W 
onstrate cells 
around gangli 
However, our 

wise 


stains of thes 


heral retina 


nicrograph. ) 
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Vere ible to den 4 
be 
e not consistent and a 
cells and their systems * th 
5. MICROGLIA + Pe 4 
It was already e1 pl S1Zt ibove that Fic \ ter). Hypertroy perivascular glia 
croglia represents the tvpe of retinal round I the reti f a 72-year- 
glia that is not neuro ermal but mes old ; = solute glaucot Frozen section, 
dermal in origin. [his somewhat contus 
ing. However, the tert f roglia is used 
for the sam« cells in t pati ogy of the 
« 
Fa 
j 4 { 
of a 75-year-old man with retinitis pigmentosa. (Frozen section, Hortega stain, photor 
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central nervous system and it would not be 


that they 
right to use another term 


really are the histiocytes of the cen 
these cells as 


tral nervous system. Microglia normally rep 


they occur in the reti microglia ar¢ resent small cells with a round nucleus and a 


the phagocytes of the retina few short branching 


processes Chey are 


to remember thei: wandering elements and their 


functions when we recall number will 


Fig. 30 (Wolter) t hyaline bodies in the peripheral retina « 
of degeneration and hy " 


f perivascular (Frozen sectior 


Ry 
{= 
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always be found increased when destruction 
of retinal nervous tissue has occurred. Their 
main function is phagocytosis. After phago 
cytosis they are round cells which still have 
their small nucleus. They ar: 
fat 


asily detected 
the main substances of 
ds 

lipids of the 


by a stain since 
the destroyed neurons a 


Che 


neurons to the blood vessels 


re lip 
microglia carries the 
and thus elimi 
nates the debris of destr yed retinal struc 


tures. There are retinal conditions in which 


the phase of delivery of the lipids from the 


microglia to the blood is disturbed.?” 7 The 
fat-filled microglia (gitter cells) then pile up 
the 


in the retina, usually in more loosely ar 


ranged macular area or around blood vessels 


Chese cells stay there and fin ally degenerate 


he free lipids remain in the retina and may 
later become hyalinized. Conditions in which 
or diabetic ret 


lies of the struc 


this occurs are hypertensive 
nopathy which allow for stu 
ture and the phases of degeneration of the 


retinal microglia. 


Fig 


fiber 


through Henle’s 


(Wolter). Flat 
lav f retina 1 hypertensive 


retinopathy nicroglia are 


Many 


ited b nt npber (Frozen se 


HUMAN 


R 


Flat section through Henle’s 
a with more advanced hyper 
tinopathy. Fat-filled microglia, free lipids, 
yalinization (arrows) are seen. (Fro 


tensive re 
and nuclei of | 
zen 


section, 


Hortega stain, photomicrograph. ) 
Figure 31 shows accumulation of microg 

lia filled with fat in Henle’s fiber layer of 

the macular area in a case of hypertensive 


ad 


vanced phase of the same process with mi 


retinopathy. Figure 32 shows a more 
croglia, free lipids and areas of hyalinization 
also from a case of hypertensive retinopathy 
Clinically the different stages of accumula 
tion, degeneration, and hyalinization of the 
microglia in hypertensive or diabetic reti 
nopathy can be seen with the ophthalmoscope 
and are known as the deep hard exudates 


and the star figure of the macula area. 


6. ELEMENTS AND CHANGES OF THE RETINA 


NOT RELATED TO RETINAL GLIA BUT MAY 


IMITATE CHANGES OF LATTER 


It was described above that retinal astrog 
lia may proliferate on the inner surface of 
the retina. This should not be confused with 
the proliferation of fibroblasts on the inner 
surface of the retina which is a very common 


occurrence in eye pathology. Proliferation of 
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Fig. 34 (Wolter). High-power view of a flat section through the nerve fiber layer of a retina witl 


the area of a so-called cotto ool spot. Terminal swellings of interrupted nerve fibers are seer 


point to the right (this is the direction toward the optic disc in the slide). (Frozen se 


these | 


stain, photomucr« graph ) 


4 
y, / +) 
° 
Pig. 33 (Wolter Proliferating fibroblasts on the inner retinal surface in a case of endophthalmitis 
Inflammatory cells are seen among the fibroblasts. (Frozen section, Hortega stain, photomicrograph. ) 
, 
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35 (Wolter). Two terminal swellings of 
be seen that the s« lled l 
l 1 I ne aroun 
represents the 
fibroblasts is typically observed in inflamma 


torv involvement of the posterior chambe 


or in posterior chamber 
Th: 


connectiy¢ 


orrhages (re 
initis proliferans ) 
the 


retina. Figure 


from vascular 


vl 


typical picture of 


‘CS 1 
the spindle-shaped branching 
cells with small oval nuclei. These often sur 


round new-formed thin-walled blood vessels 


and may also be accompanic inflamma 


tory cells in cases of infl 


d by 
7 
immatory invoive 
ment. 
It has 


been mentioned the literature 


that the retinal glia takes part in the forma 


tions that we call cotton wool spots 


ter 
| atte! 


ophthalmoscopic examination. Our studies 


of such cotton wool spots indicate that reti 
nal glia has no part in these formations 


of 
numerous terminal swellings of interrupted 


Cotton wool spots ire iccumulations 


neurites of the nerve fiber layer usually as a 


result of local ischemia fig. 34). All these 


nerve fibers of the nerve fiber layer of 
eus of the cytoid bodies is forn 


HUMAN RETINA 


human retina 


lings ot 


the 
ed by the terminal swel 
is not stained by our techniqt 


ion, Hortega stain, photomicrograph. ) 


these which re (b) prol 


terminal swellings are at one phase of then 
development connected with the stump of the 
interrupted neurite and they all point to 
wards the optic disc. It is interesting to ob 
erve that a peculiar zone is found around 
each terminal swelling of nervous substance 
(fig. 35). This zone does not stain with the 


nerve fiber staining methods. It is our im 


pression that the terminal swelling itself rep 
the that 
called the ps¢ udonucleus of the « ytoid bodies 


resents central structure has been 
while the peripheral unstained zone may be 
what has been called the pseudoprotoplasm 
ot these Stt 


Finally it 


may mentioned that a cellu 


lar element is long known to be in the vitre 


ous. It has been thought that these cells may 


glial in character. We were as yet not suc 
cessful in adding anything worthwhile to the 
understanding of the character of these cells 
Figure 36 shows an area of a dense zone of 


vitreous which was found attached to th 


301 
we 
as 
4 
b 
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found to enter actually into the superficial 
retinal layers.’ It also shows cellular nuclei 
which are oval in shape. The cells of thes« 
nuclei do not stain with the silver methods 
used for the demonstration of the retinal 
glia. This might be used as a certain evidence 
against the theory that the cells in the human 
vitreous are glial cells. However, other 
methods should be used which show the 
shape and arrangement of these cells before 
any final statement is made 

It must be emphasized that this paper is a 
summary of findings and observations that 
were made over a number of years about 
structure and pathology of the retinal glia 
I realize that many of my findings 
incomplete and poorly understood 
ever, I should like to give this summary 
anybody who might want to add to and to 
correct my conception of the glia of the hu 


man retina 


36 (Wolter) lula 
vitreous 1 1 ar SuMMARY 


techniques. Bizart ctures are his is a demonstration of the different 
the vitreous. (Frozen section, Hortega types of glia found in the human retina and 


of their changes under pathologic conditions 


peripheral retina in the eye of an old man. It 


shows fiber structures which have an ar 


rangement towards the retina and were 
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DISCUSSION 
PARKER H f the rosettes and those of the peripheral retina to 
The ess st report Or t vo! ! é lary vitreous will bear further stud\ 
studies [he perivascular glia ffers considerable 
tissues with spe tive possibility as to function. and 
— His met is: of roscopic stud pertrophies of these cells under different path 
S ’ nventior ral t formol fix | nfluences ire t great interest 
ematoxvlin-< pled with f: lhe author has limited the origin of ton wool” 
wit 1 Hortec eT nate taining. Some swellings 
reported tions of lipophages aré nsidered to be 
The ess finde of neuroect ple source of the spots No d ubt the int 
lermal glia: (1) rad fhe f Mueller. ) : neurites are one form of toid body 
tr tes, with subtypes ‘ t nd (3) per Proliferative activities in the peripheral retina 
scular ¢ ene ‘ sup] vitreous, | y not 5 po 
ntermediate tisene hety rites ad ta servatior nd likely to ll for further study nd 
lisease re bserval tissue es pt rerative rs somet es see th retinal her 
gely n the nner | the rrhages it lIdren are nspe re tions whicl 
tects upor proce nut 1 r nity net is tissue and 
wal senins ‘ ennand llv ¢ 1 cells for the stain is so marked that 
ne e reeducation 1s necessary in making interpre 
we erat The t Ss. he ntt ty etrects sometimes are chieved 
n of miting e expense ot eta Vhatever 
nonsm t t tres reas W rmerl were ol 
I es sf 1 t Mue e, poorly stained t es. By this method ide 
ty rece the retina becomes possible 
DPN he lifficultic f pre Se nterpretatior ire sul 
strat 5 rable de 1 tivitv in Muse stantial because | the method unknowns became 
lers fiber nd both glial gsanelion cells. Dr mpounded with knowns Reactivity is mostly nor 
\Volter four erations and scat specif We must at this time ng r interpret 


THE ROLE OF INSULIN IN LENS METABOLISM* 


, R. F. Ivory, AND S. J. CooPERSTEIN 
Cleveland, Ohio 
AND 


J. W. Patrerson 
Nashville, Tennessee 


The uptake of glucose by rat lenses incu EX PERIMENTAI 


bated in Tyrode’s solution containing 100 Male Sprag Dawiey rats weighing 120 
mg. of sugar per 100 ce. is significantly in 170 em. were anesthetized by th ‘hetien 
creased if insulin is injected intravenously venous iniect; ’ 
prior to removal the lens. ? The results body weight 


are the same whether uptal the 
is measured as isapp 
iS measured i I Pl groups Shar 


the medium or as glucose disappearing from gontrol gt 

the total system of | lus medium.*? On tom 

the other hand, the addition of insulin jpediatelh 

directly to the incubation medium does no utaneously wit 


-rease the uptake of glucose by lenses ob 
ine e the uj ct cent glucose solution 

ined f tre 7 imal ‘ 

tained from untreated animal ne of each group received 2 

These fact uggest either (a) that insulin injection 
ineffective 1 ne rm injected and is 1 

tivates 1 some i tollowing injection, 

ictivated 5 jectior this treatment the 


(b) that in order t » effective insulin re 


ind the lenses were removed and placed in 


ires > presen on rn add 
quires the presence of on more add [yrode’s solution containing 100 mg.‘ 


i subst s or (c) that insulin S ' 
tional substances « = dox glucose. The glucose uptake was deter: 


t mn the lens. but r sti : 
not act directly on the lens, bu rather stimu as previously describe Dy measuring 


lates the production or release of some other cose disappearat ay epee 
substance which is transported to the lens the Somogyi method.* The figures gi 
and affects lens metabolisn the bar graphs a1 Wal 

Each of these possibilities implies that devi 
some organ other than the lens is nece ssary 


if the action of insulin on lens metabolism 
to be demonstrated is the pt - oO 
oO De l re | ITpos¢ o! The 
his paper to report the results of experi- through 6 and the following points may be 
ments designed to determi which organ or ; 
5 emphasized 
organs may be required produce an in . alt for glucose uptake by lenses 
tal : 
ase in glucose uptak lowing 
— oo pase ig the in from sham-operated animals, both with and 
pores OF & without insulin injection (fig. 1-6), are in 
good agreement with those previously 
* We ported for normal animals.* The increase in 
support re - from tl National titute of glucose uptake observed following the in 
jection of insulin has been termed the 
Institutes of Health, § ibli alth Service 
Grant Number A-154 and for a fellowship from sulin effect 
the National Council t ombat Blindness, New 2. Total evisceration. that 
ork City, in support or I > autho ( 
2 Pl r.G of the stomach, intestines, 
t In the totally eviscerated rats the external jug- 
ular was used “insulin effect” (fig. 1) 
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kidneys, adrenals and liver, abolishes the 


were divided into two major 
operations were performed on 
ins were 
rroup. in 
group. | 
ill animals 
h 1.0 ml. of 
the sam« 
O units of 
callv ex 
ecapitated 
o oT 
rmined 
using 
etl on 
al 
| 
= | 
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Removal of the stomach, 


‘eas along with 


lify the “adrenal 


increas pro 1 


1p] that the adrenals and the 
r these cir 


the key organs involved in explain 
is abolished, ing the results obtained. The stomach, intes 
tines, spleen, pancreas and kidneys do not 
modify either the “insulin effect” or the 


renal effect” a an be eliminated from 


consideration. Stimulation of the glucose up 


take lens, bserved after adrenale« 


nsulin, be 
demonstt intact, 
ndicating that the liver plays a stimulatory 


of the 
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SHAM OPERATE TOMACH, INTE we SHAM OPERATE KIDNEYS REMOVEL 
PLEEN, PANCREAS 
KiDNE ADRENA 
5 ER REMOVE Fig. 3 (Farkas. et al Effect of nepl rectomy on 
| ratior st take rat lenses 
glucose upt ‘ 
glucose (fig. 5). 
? R 1 +1 ‘ tit ‘ rl 
I ntestines, ntestines, spleen and panct 
] ] ; 1 ] ‘ 
series of expe! ents tl nevs (fig. 3), effect (fig. 6) 
does not modity the nsulin ettect. 
4 memova ( ong witn the 
stomach, intestines, spleen and | 
duces differen esults, ad 
] 
cumstances tne nsulin 
as 18 tollowing complete evis 
Follow idrenalt \ ad 
uptake of the lens is increased to the 
obtained in m il ar wing the in 
jection of insulin ng. J ihis may De 
termed the “adrenal eftect The injection 
of insulin in the adret tomized anima 
produces 1 turther ncreas n uptake ol role onversely, removal 
LJ NOT INJECTE F LENSE 4 20+ [J NOT INJECTE NJECTE LENSES 
32 
; E 7202 f 
TAKE PTAKE 
| ] 
hau PERATED TOMACH, INTESTINES HAM OPERATEC vER TOMACH 
EN & PANCREA NTE NES PLEEN & 
REMOVE PANCREAS REMOVE 
Fig. 2 (Farkas, et J removal of the Fig. 4 (Farkas, et al Effect of removal of the 
testines ] S on giucost ver, stor ‘ ntestines, spieen, al l pancreas ol 
pt rat ] T es ly ose 1 yf rat ] ns 
Ipt a € Iptake Tat 
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SHAM OPERATED ADRENALS REMOVED 


Fig 5 (Farkas, et il 


adrenals iS accompanied by an increase in 


rlucose uptake, its influence in the intact ani 


mal must be inhibitory 


The adrenals could exert their effect by 


secreting an inhibitor which either acts di 


rectly on the lens or prevents the formation 


Although, 


along with 


or action of the liver stimulator 


as noted, removal of the liver 


the adrenals abolishes the “adrenal effect,” 


removal of the liver from an animal with 


intact adrenals does not decrease the glucose 


uptake below the normal level. This finding 


suggests that the adrenal inhibitor and liver 


stimulator do not act independently on the 


lens but rather that the adrenal inhibitor 


either blocks the production of the liver 


stimulator or neutralizes its action during 


or after secretion 
Che 


only if the adrenals and liver 


“insulin effect’ can be demonstrated 


are both intact. 


The simplest explanation consistent with the 
data is that insulin blocks the action of the 
and thereby permits the 


adrenal inhibitor 


stimulator to exert its effect. This would ex 


plain why the “adrenal effect’ and “insulin 


effect” are of the same order of magnitude 


and why an “insulin effect” cannot be demon 
adrenals or the 
that 
insulin increases the secretion of liver stimu 


(b) 


sulin stimulates the liver to produce another 


strated in the absence of th 
liver. Alternatively, it is possible (a) 


lator or potentiates its action, that in 
substance which by itself or acting synergis- 


tically with insulin stimulates the lens, or (c) 


NSULIN 
NOT INJECTED 


injected 
These alter 


rddit 


that the liver modifies the 


and thereby makes it effectiv 


tives, howevet onal 
+1 ‘ 
na 


sumption 


systems 


zyine 
mally and cannot 
insulin injection 

[he results suggest comparisons with th 


results obtained in the whole animal in which 


can be 


the blood sugar lowered either by th 


injection of insulin or by ren 


] 


adrenal glands. The present findings 


contribute to a localization of this effect 


SUM MARY 
Studies have shown that 


1 rat 


isolated rat lenses can be increase 


take of 
either by adrenalectomy or by insulin injec 
In 


cases the increase c » demonstrated only 


tion 


prior to removal of the lens 


if the liver 1 tact. ‘che increase following 
adrenalectomy is of the same oré 

nitude as that following insulin 1nj 

and injection of insulin into an adrenalecto 
mized animal does not further increase the 


glucose uptake. The removal of the other 


visceral organs has no effect. Hypotheses to 


explain these results are offered 
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Dr. JoHN val of excess glucose and its 
This system, of course, is 


essayl 


Dr. T. G closing): Glucose was in 

into « al ils after operation to be able 

naintain them aliv r one hour, especially 
r hepatectomy 

level 
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for the dura 
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amount 
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OF THE IRIS: AN ELECTRON 
MICROSCOPIC STUDY 


YUSIMIS ANI 


leas derived from other studies have intro 


luced a number of questions concerning the 


er structure of this tissue 


, :, 1. Is there a continuous cellular bordet 
Study of ocular tissues. 
' iver on the anterior surface of the iris? 
main interest has been focused on the man 

specialized endothelial cells 


malian iris, the histology of which has her 


tofore been based almost ly on the use 
of conventional te: ue ’ inherent . the nature of the thick walls 
limitations of the latter together with new 
d. What is the nature of the abundant 
ground substance of the iris stroma? 
e. What is the relationship of the pigment 
epithelium to the dilator muscle? 
National 
ta f. Is there an internal limiting membrane 


Blindness 


on the posterior surface of the iris compara 
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pl t ns ft é the lens 

lhe present expert ent trate le rl T 
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the presence f er either the 
nyectior Since the shar perated animals were lso 
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The electron micros th its many ee 
fold increase in resolving power over the 
light microscope and sev¢ proved tech _ 
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ble to that which has been observed to invest 
the ciliary epithelium? 

These are some of the questions we hoped 
to answer, at least in part, when our studies 


were begun 


MATERIALS AND METHODS 


Irises for this study were obtained from 
the eyes of rhesus monkeys and man. Eyes 
from young (18 months) rhesus monkeys 
were enucleated within five minutes of death 
r under anesthesia be 


by exsanguination « 
death. The 


moved by making an incision behind the pars 


fore anterior was re 


segment 


plana with a sharp razor blade and complet 


ing the circumferential in with scis 


Che 


were removed by grasping the 


ision 


sors. lens and anterior vitreous body 
lens with for 
ceps and severing the zonules with scissors. 
The resulting “cup” consisting of the iris, 
ciliary body and cornea was cut into quarters 
Each quarter was then placed in stoppered 
test tubes containing cold (| C.) one 


percent osmium tetroxide tonic sodium 


acetate veronal buffer of pH 7.35. Fixation 
time was three hours unless stated otherwise 
\ modification of this procedure was to first 
replace the aqueous with the fixative, and 
then to proceed in the manner just described 
After fixation the tissue was washed in cold 
isotonic veronal buffer (pH 7.35) and dis 
tilled water. Dehydration was carried out in 
70, 90 percent, 
20 


cold graded ethanol (30, 50, 
and absolute) with changes every 15 to 
After (14-16 hours) 


storage in cold 50-50 ethanol and methacry 


1 


minutes an overnight 


late monomer, embedding was carried out in 


methacrylate’ by placing the tissue 


for one 
hour in 20/80 parts by volume methyl/buty! 
methacrylate followed by two changes, 30 
Same mixture of mono 


2,4 dichk Tro 


dibutyl 


minutes each, of the 


mers containing one-percent 


benzoyl peroxide with phthalate 


(Luperco). The tissue was oriented for 


sec 
tioning tangential to the pupil as well as 
radial in prepolymerized methacrylate. Poly 
merization was completed in an oven at 


65°C. for four hours. 
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The human used in these 
studies 


Negro 


maxillary 


normal eye 
was obtained from a 42-year-old 
who underwent for 


man surgery 


had 


clinical ex 


carcinoma, which extende 


into the left orbit. Preoperative 
amination showed the eye to be normal upon 


slit lamp and ophthalmoscopic 


his 


orbital contents 


tonometric, 
removed to 
Within 


after removal, the anterior chamber 


eXaminations eye was 


gether with the 
minutes 
was irrigated with one-percent osmium te 
troxide and treated in a manner similar to 
that described for the rhesus monkey 
Sections of the methacrylate em 
knife in 


Chick 


approximate 


made with a gl 


iss 


ultramicrotome. 


ness of sections as given by the 


Blum type’ 


calibration of the instrument or judged from 
interference colors were as follows: 0 


sections 


2.0 micron-thick 


light microscopy after removing 


acrylate with xylene and hydration in grad 


(decreasing concentration) ethanol. Ultra 
sections appearing colorless, silve 


thin 


gold 


trough containing 10-pet 


cent ac mn water were 


chloroform or xylene fumes*** and pl 


uniformly thin films of forn 


carbon coated 
these methods for 
is structure, we have « 
other techniques as shadowcasting 
{{) l mict 


components 


secticns”’ on), differential 


gation of followed 
histochemi 
The 
vestigations will be reported separatel 
An RCA, EMU-3B 
a 40-micron platinum objective aperture 
bl 


microscopy and 


ultrathin sections results of 


instrument utilizi 


a 10-mil Canalco externally a 


denser was used. Electron mi 


graphs were made at electron magnificatior 


of 1,600 through 15,000 diameters 


RESULTS 


rhe observations to be recorded are applic 


able 


where otherwise stated. 


to both man and rhesus monkey except 


| 
Porte 
were stained for 
on the knife 
as +} 
pica 
the study 
sucn 
f “thick 
centrifu 
ctron 
ising 
e in 
ng 
ind 
con 
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ULTRASTRUCTURE OF IRIS 


and near the sphincter muscle. They were 


The anterior surface of the iris was found 
7 f both pigmented much larger than the other pigmented stro 


to consist aggreg: 
mal cells containing numerous aggregates ol 


and nonpigmented cells with their cyto 
They 


plasmic processes extending over portions of pigment granules (figs. 13 and 14). 


the surface (figs. 1-3, 5-8 orphologically appeared to be more uniform in shape, 


these surface ‘ell e identical to rounded without any large protoplasmic ex 
all other pigmented and non-pigmented stro 


mal cells (figs. 7, and 11). No specialized 


tensions. Fine cytoplasmic processes (about 


0.1 micron wide) were present on their sur 
surface endothelium face 
\pertures varying in wit Figures 15 through 18 show blood vessels 
tion of a micron up to ten mic ‘ found in the iris stroma. In the monkey iris, 


«1 between the cell aggregat vessels were found in all portions of the 


stroma, including the anterior border layer 


[he iris vessels observed in this study con 
sisted of a single layer of endothelial cells; 
lagen fibrils of | their internal diameter varied from just un 


600 A in der one to about ten red blood cell diameters 


_and with 500-600 A axial periodicities Frequently the adjacent stromal cells wer 


ation very closely applic d to these vessels ( fig. 17) 


cells, blood \n amorphous material sometimes appear 


remaining ing fibrillar, occupied the spaces between th 
nce of other vessel endothelium and adjacent cells 
surrounding Groups of myelinated and nonmyelinated 
nd 18) could not rve fibers were 


ls used in tron f both monkey and human irides 


found throughout the 


1 20). At the iris root the nerves 


Pigmented cel fre th monkey iris be more closely grouped (fig 
1a contained 4 topla - elon axoplasm of both myelinated and 
rallel to nonmyelinated nerve fibers contained mito 
extensions, chondria with the typical internal mem 
the human DPranes. In addition, filaments, measuring 
without ap about 100 idth, were present in the 


Che pig 


I 
and man 


axoplasm hg ). A Schwann cell is 


shown in 

than those ed of bundles 
oriented, 
o the pupillary 
arge numbers of 
axially in 
occasion 

in these muscl 
muscle consisted of a few lay 
sn ooth mus le cells. loose ly 
25 ind 26 They were 
ly applied to the adjacent pigment epi 
thelium and frequently contained pigment 
granules. These granules were similar in size 


and shape to those of the adjacent pigment 


the surface. For the examination of larger 
ipertures use was made I 

SCODE 

Phroughout the stri ( 

varying lengths, approximately 
th 
were observed n ncre neent 

vessels and nerve fibers. | 

spaces” of the stroma the ] 

I 

materials, in iddition 

the blood vessels (figs. 1/ 
this studv. figs. 19 
the 

wh 
ment epithelium ot both nkey 
contaimed 
ot the stroma granules we 

ind | 

20 

Clur D ct ver n 

ind rabbit eyes. He observed t é 

‘ ( 10 u 
explar tion tor ‘ 
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epithelium. Cytoplasmic continuity into the 
muscle layer of this pigment epithelium was 
observed | fig. 25). Between the muscle cells 
a homogeneous material of similar electron 
opacity to that found about the blood vessels 
Mitochondria 


large numbers in these muscle cells 


was seen. were present in 


Che pigment epithelium consisted of es 
sentially two layers of pigmented cells (figs 
27-29). Intercellular spaces containing micro 


villi were observed | 


vetween the anterior and 


posterior layers. The intercellular spaces be 
tween adjacent cells within the anterior and 
posterior layers of epithelium rarely con 
lh. The 


tained these microvil 


the posterior layer of epitheli 


free surface of 
was limited 
This 


consist 


um 
a membrane like structure mem 


a 


by 
of 


brane” frequently appeared to 
hg 28), and extended over 


several layers | 
surface of the iris from 
the cell 


similar in ap 


the entire posterior 


root to pupil. Infoldings of mem 


brane of the posterior surface, 
pearance to those described in the inner cells 
of the ciliary epithelium were found (figs. 


14, 15, 16). 
CONCLUSION 


The results of our electron microscopic 


studies of the human and rhesus monkey iris 


have been in general agreement with obser 


vations based on conventional histologic 


technique. We have, however, been able to 


add a more detailed descriy heretofore 


lacking, of several important structures 


With regard to the controversial issue as 


to whether a specialized endothelial anterior 


surface layer exists, our rvations have 


failed to provide any evidence of the pres 
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ence of such a structure. The cells present on 
the anterior surface of the iris appeared to 
be identical with the pigment-containing and 
Ils, 


a continuous cellular 


nonpigmented stromal cells. These c 
however, do not form 
covering and there are openings into the iris 
stroma measuring from less than one micron 
to at least ten microns. 

The thick adventitial tunic which has long 
been known to characterize the iris vessels 


consists of typical collagen fibrils identical 


stroma 


with those found throughout the 
All of 


served, 


iris 


the iris vessels we have 


present d 


teristics 


h irac 
of 
often 
The 
cluded 
fibers 
Che 


epithelium are separated by spaces contain 


nens were 


llaries even though their lu 


large 


very 


nerves found the iris stroma in 


both 


in 


velinated and nonmyelinated 


anterior and posterior layers of iri 


ing microvilli which from the 


thelial cells. Numerous 


were found between the cells of 


project epi 


intercellular spaces 


Che free surface of the latte1 


embrane 


epithelial layer 


was covered by a -like structure 


which in the monkey was often laminated 


and covering the entire posterior surface 
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Dis SSION 
GEOR K. Sm rk, Pu.l New York): Intr Have mu evidence that the mp cells are epithelial 
luctior t the electror owe the rigin? The it rs describe interce ilar paces 
stud f nroblems w red anator ts e between the two epithe ell lavers of the 
nd thal: logists tor 1 Answers t WwW lel te toptast \ extend. I car 
: problems often pt , ew quest not believe that s vi re present without fur 
It would em that we art t ir efforts ym. W the t rs t ent on this 
‘ inderst 1 te fore 1 ly nvestigations f the same e] thelial la ers 
racteristic offer <cuse for the in the ciliar ly, Dr. Pappas and I described 
isking tr re estions. 1] plete tt the tw epithelia ers together. Were no 
epithelial vering of the i ¢ been sus bridges” seet As t interesting observatiot 
pected nd debate 1 ent paper re s been presented—t t ol i lings of the cellu 
ports t t there es e! gnit lar membrane the iris vhere if 1S ex 
n the surt e epit! | \\ t ‘ pe ot these | ed t the posterior mber. Similar infoldings 
I 
r shape by fixation or | t anges? As These infoldings have been thought important i 
the reanlution of stems a the df relationship to formation of aqueous humor by Dr 
art Holmberg, and Dr. Pappas and myself. Is there 
tures we sec nder gh 1 t not me the cellular membrane ve some functional sig 
esSal represent t existe nif nce wit reterence t que 1S r torma 
te tion or resorption? It v he interesting to heas 
roscopists nd not col. ntine rc’ ments on t nt 
the pr ent t 1 tive vhicl I It 1 be t ts i ve the pressio1 
pears in these phot roc ’ thed ir ¢ mv mar 1estions arise from some dissatis 
1eO0Us mot! s us c ght to be et tion with this paper. | assurt u that such is 
bedde ! oe nous gt not the se. Tl 1estions arise be ise of stimu 
n t S1 er. the ot 1 r ective \ tte the ppetit for 1 re nior tion the 
there any « ence of the exist mate \. J. Tousi™is sing Thank 1, Dr. Sme 
SUrT ndine the e! is fiber er. tor xcellent d ir paper 
the nds of Doctors 7 Fine. The or [he post-mortem effects before fixation, on cell 
rs within the past few years. This constitutes 
pigment epithe the ther f the biggest pt ems e application of 
nective tissuc erivalive tlerences i! the elect nt ros the tu pat log ma 
shape of the pigment grat s of the epithelial ar t il. It appears, from alrea published work, that 
onnective tissue cells have bet escribed in this for preservation of all accepted structural detail the 
paper, perhaps an answer t estion is at hand tissue should be fixed within 10 minutes. For most 
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the an 
stroma 


(siemsa 


Apertures 


sions 


i ft 


anules appe 


$02 

our WOTK im tact, tor a lar to those ot the pigment epitheliun 
eyes—we have fixed the iris within five mums of shave been seen on these cells, cytoplasmic extensions 
enucleation. Thus structur nges, as described similar to those of either pigmented or nonpigmented 
by others for tissues, for example, intestinal mu ells were not found. On this evidence alone, there 

oSsa, hixed at longer periods alter ret il rt tissue, tore, one could not establish the origu of this cell 

ve not been observed rhe functional significance of the microvilli of 

Whether post-mortet erie : er the anterior celis Lorming e pigment epithelia iyer ol e iris 
surface of the irts within this | ted time, we do not is another important comment by Dr. Smelser. We 

know. However, ir experiments designed to test for have not conducted studies imed t inswer this 

these effects irises fixed rhe il ur alter quest! I At t Ss time, theretore ne cal niy 

enucleation did not show at inges on the an to ultrastructut studies of other cells showing m1 

terior surface crovilli with known physiologic functions (that 

, material of | wher electror lensity in the inter secretory ) 

ellular spaces of the iris pigment epithelium has Desmosomes ve been described in mat ele 
been seen. The question regarding the chemical iden tron-microscopic studies of epithelial tissues. We 
tifcation of this substance 1 t possibly be ar have observe the tomembranes of the pigment 
Swered with experiments ut I suitable electror epitheliur els approaching very osely t om 

ast ipiea Wi 1 mk ar W € ive le osomes 
scopK techniques Finally, in regard to the questior neerning the 

The origin of the mp ce mh tne uman iris ytomempbprane-in! lings on the poster r surt I 
Stroma 1s an interesting questior However 1 the f ment epithe 1 one 1 y re Th ns 

g qu \ pig pitl ga Sug 
ttempt to answer it on the st P lence alone gested functional findings by others, that is, secr« 
should be made very cautious! Pigment granules tory, on tissue mposed ells with similar str 
found in these cells resemble bot those of the str ire Thank j 
I und { the pigment epithelial ells I ven thou 

Ex N OF Ficures (Tousimis Fine ) 

Fig l Radia section near the pu] t margu f the rhesus monke iris The spl ncter of the pupi 
is seen in cross-sectior no aet bundles of smooth muscle cells. The dilator muscle is not present 
In the stroma pigment ul ! pigt ented cells, capillar es and nerves re tound (Us, hfixatiol 
Methacrylate embedding, 1.5 1 ron thick section, Giemsa stain, « 305.) 

> On 1] ‘ nl ter 
Fig. 2. Section tangenti | rhesus mor ) near the puy I margin showing € SI 
muscle cut longitudina Phe ei are cut along their n r axes indicating the gener lirection of 
the muscle fibers. The numet | | vessels in cross-section appear throughout the stroma and betweet 
the sp te pig ep The int 10 su ice ippe i ve 
sections. (UOsO, fixation, met I te embedding, 1.5 micron t k, Giemsa stain, x 305.) 

Fig A higher 1 pnotomicrogt ph, 1.5 micro! radia sectior OT the interior 
surtace f the rhesus nke wd vessels re observed fr« ent ss wn here near the surtace 
Aggregates of both pigmented and nonpigmented cells surround a | “i vessel (capillary) at the surtace 
Another blood vessel. wit ngle endothelial lining occupies the wer center of the field. Openings 
on the surface are readil seer etween the stror l cells. (OsO, fixed, me icrvlate embedded. Gjuet 
stain, 820.) 

Fig. 4. A double-layer of pigmented cells limit the posterior surface of the monkey iris. The cytoplas 
ot these cells contair rge nu €! f pigment granules. The l r muscie 1s osel PI x a 
tee surface of these pigmented cells. In the adjoining stroma both pigmented and nonpigmented 

1 cells are seen togethe wit 1 nearby capillary. (OsQO, fixation, methacrylate, 1.5 1 ron t ‘ 
stain, 820.) 
Fig. 5. A low magnificatio ectron micrograph of the anterior iris surface (rhesus monkey This 
surface is tormed | bot! ent and 1 mpigmente l ells These ells ppear to be mor] gica 
identical to those throu t the stron Wa, ranging between 1.0 and 2.0 microns in widt ir 
present. Long narrow | t ASI extensmms O@the nonpigmented cells extend over near! pigmente 
~, cells. Pigmented cells are also exposed on the surface (2,650) 

Fig. 6 (Tousimis and Fine). Electron micrograpl f rhesus monkey iris surface, showing some ol! 
the pigmented cells ngit nal at others im cross-sectior An aperture is clear seen on the lett 
The nucleus of the nonpigmented cell on the surface (NP) is highly indented (2,650) 

Fig. 7 (Tousimis and Fine \ gher magnification of the surface in the region of an aperture AP 
Nuclei of both pigmente | ! nonpigmente 1 cells are lented. The pigment grat! ules are present throug! 
ut the cytoplasm, including the extensions of the pigmented cells. Protoplasmic extensions lacking pi 
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Fig. 8 (Tousimis and Fi El 

Apertures ranging 

(NP) cell 


" f brown human iris 
s are found on tl rf TI l 


and nonpigmented 
i. The pigme! I Hit l 


found throughout 
onkey An indented 


? 650) 


ontaining 


nucleus of a nonpigmente P NP) is seen near the center of the micrograph (<2 

Fig. 9 (Tousimis and Fi I ented stromal cells (rhesus monke Cigar-shaped pigment granules 

° ire cut ross-sectior ver cell (P2) the rit re cut | tudinally in the upper cell 

P;). Portions of nonpigment I plasmic extensions are seen in the vicinity of the pigmented cells 
Beyond these a few nerve hb« N! re present ( 5,460) 

Fig. 10 (Tousimis and Fit I toplast f pigmented stromal cell in the rhesus monkey iris 

ntains the gar-shaped | nt 1] { ! bet planes. Mit ndria (M) are present 
n the cytoplas: betwee t pigment granul Nonpigmented protoplast extensions CH= 
mitochondria lie adjacent t e pigmented cell. | gen fibrils (CF) cut mostly u ross-sectior re 
present it the interce 14 

Fig. 11 Tousimis at I Nonpigmented st | cell of the rhesus monke ris. The nucleus is 
ndented. Mit ndria (M on ‘ = mponents are present in the toplast this cel 
A nerve fiber (ir te : VS e mit ndria (M:) and the hlamentous mposition of 
ts axoplasm. Intercellu fibrils are present (12,270) 

Fig. 12 (Tousimis at ty , nl f nonpigmented (NP) stromal cell of brow: 
uman it Mito ndr M St portions a tomembranes (a) (endoplasmic reticulum) 
These granules differ pe from t the rhesus monke tone 14.580) 

Fig. 13 (Tousimis and I . rograi f a “clump” cell near the sy ter muscle of the 
brown human iris. The 1 s not present in t section. The cytoplas1 s fille vit ul were 
gates of pigment grat . - to varv greatly in size and shape. Or very fine protoplasmi 
extensions are preset nt ( PE) (7,290 

Fig. 14 (1 simis I \ gher gnif nota lum] ell (Cé with its aggregates ol 
pigment 21 sles. mit eome a-cyt embranes (a) (endoj reticulum). The 
nearby nucleus is that of pigmented stromal cell. A portion of the toplasm of ‘ | pigmented 
stromal cell is seet t corner of the microgra] 213.250) 

Fig. 15 (Tousimis 1 ! f rhesus monkey iris cut tangential to the pupil i 
the sj ncter muscie re2 \ the s] ter muscle (SM) ts s n below Thre | 1 vessels 
me ntaining i e ante e muscle. Pigmented (P), nonpigmented (NP) 
ells and collagen fibrils (CI ted thr t the stroma (2,175 

Fie. 16 (Tousimis I \ gher magnificatior ne the str Figure 
15 wit lyacent str P NP) lagen fibrils CF) somew t hor vene 9 terial 
f intermediate electron of t M basement membrane) surrounding the endothelial (FE) lining. A 
portior t sectione red bl RBC) is seen suspended in the } PL) pving the lumen 

6375) 

Fie. 17 (Tousimis nd Fir tens rograj sections -tromal vessel frot rown hut 

is. The vessel wall is mpose single endothelial cell layer. In close proximity to the ter surface 

tit ter ] RV termediate tens cement membrane ( topl 
processes Of omented st pI sit 

lousimis | _ vessel i n | ris ll ross-sectiol vit ts end 
thelial wall. The nucleus ndotheli ell is indented (N). Mit mdria (M) are present in the 
endothelial cell cytoplasmic processes. The material (BM) surrounding the capillary is not uniforml) 
Collaget fibrils are seet t I ent strot (6,375) 

Fig. 19 (Tousimis and Fi ectron micrograph of a bundle nerve fibers near the root of the 
rhesus monkey iris. Myelinated fibers (MF), Schwan ells (SC) and protoplasmic extensions (PE) of 
.djacent stromal cells are present (4,785) 
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mvelinated (MF) and nonmyelinated (N-MF) 


Fig. 20 (Tousimis an 
xoplasm (Ax) 


if rhe sus mor key I | 


nall mitochondria Ax-M) 


fibers im cross-section 
myelinated and not 
(10,550) 


surrounding 


plasm. Larger 


( Tousimis 
cytoplasm. Mitochond 


chondria (M) are seen i 


cupies the 


1 (FM) is present 


occasional pigment gt 
gment epithe I ells W 


cells. Direct « ytoplasn 


Fig. 26 ( Tousin 


ocesses of nonpigt 


(PG) Inter 


the cell e intercellular 


structure (IM). Pigmer 


pigment epitheliur are 
t 


he pigment granules 


terior chamber ( *8./50) 


104 ‘.) 
nerve 
ot bot 
yelinated fibers contain sand filaments (Ax-F 

Fig 21 (Tousin al Fine \ ross-sectione n velinate nerve fiber wing the lar inate | vel 
EE the axoplasi Small mitochondria (Ax-M) and filaments (Ax-F) are present in the x 
(Earger mitochondria (M) are present in the surrounding cytoplasm of a Schwann cell (33,180) 

und =Fine 4 Schwann cell with its nucleus (N) and myelinated nerve in its 
ia (Ax-M nd filaments (Ax F) re present i the ix plasm Larger mito 
Res 1 the cytoplasm of the cell ( x 33,180) 

Fig. 23 (Tousimis and Fine Pigment epithelium and sphincter muscle (SM) of rhesus monkey iris 
at the pupil. Sphincter muscle cells appear im cross-sectior A small part of the sphincter muscle is 
exposed at the pupi 1 ' PA) Numerous mitochondr (M) re present ' the elle of the 
sphincter muscle with a tender t nceentrate ax The pigment epitheliu ells appear elongate 
near the termination of the pigment epithelium at the pupil. The intercellular spaces (ISp) are prot 
ment. posterior eT 500) 

Fig | usil nd I ne) EF lectror mict grap! of spl neter wscle rheane n nk ric 
tangential to the pupil (longitudir ection of the muscle). A pigmented stromal cell (PC) is closel 
apposte 1 to the anterior surt ¢ the sphincter The muscle ells ntain numerous mito ndria M 
ind a filamentous-like toplas nstituent. A less elect let mater upies sor the é 
cellular spaces [Sy ) 00) 

Fig. 25 (Tousimis and Fin ectron micrograph of the dilator muscle in a radial section of monkey 
iris. The elongated muscle c« (MC) are loosely interdigitated. A somewhat electror paque ! terial o 
gums intercellular spaces (ISp). Mitochondria (M) are present within the muscle cells in addition to 

in the f the muscle 
th the muscle 1 eT n be seen 
ented stror ST) cells. The itor muscie-ce ytopiasm contains a tew pigment 
pigment epithelium cells. Mitochondr re present in all cells in addition to the filamentous (F) material 
in the muscle cell ~ 12.270) 

Fi¢. 27 (Tousimis and Fine). Electron micrograph showing the boundary between the tw ers of the 
pigment epithelium. Pigment granules (PG) are listributed in the toplast f these cells. Mitochondr 
M) and other cytoplasm nstituents are also found in their cytoplasm. Microvilli (MV) from the cells 
project into the intercellular spaces (ISp) Intercellular spaces without 1 , illi are more prominent be 
tween cells forming the posterior layer (rhesus monkey iris) (7,290) 

Sit ‘ posterior surtace rhe s monke iT s torme by layer 
of packed pigmente ells, Intercellular spaces (ISp) are continuous from the dilator mus le laver or 
nterior layer of pigment epithe to the free posterior surface. On this surface membranelike stru 
ture is present (IM In t rograph the structure consists of several layers. Intracytoplasn pig 
ment granules (PG) are present u lition to the mitochondria. P‘ Posterior chambe < 6,125) 

Fig. 29 (Tous ~ 1 Pine [he posterior surface of the human iris is limited, as in the 1 nke 
by membranelike structure IM e free edge f the cells has numerous infoldings 1) Bet weet 
CEE spaces (ISp) extend and open to the surface, beneath the membrane-like 
SE granules (PG) almost identical in size and shape to those of the monkey 

present in the cytoplasm of the cells. Mitocl ndria (M) are present among 
ind a leus (N) is present in the upper portion of the micrograph. P‘ pos 


e. 


<? v 
I } 
@ 


106 U'SIMIS AN] EI 
» 
Wek 
NP 3 
x 
a S 
> 
AP ur 
>) 
AMPS 


1S | OF TRIS 407 
P 
ng 
NF - 
Wert, 
P, 
> 
> 
Ne 


9 
{Le 
4 ey ty “ay 
4 44 p>» 


3 
By 
Fig. 13 (Tousimis and Fine) 


P 
cc 
x > 3 
l4 ail a®- 
J 
Geo 
15 


‘ ~ 
4 ~ r 
. 
=* 
¥ 
} 
‘ 
7 (1 


> 
> 
| ) 
~ 
> - PE 
> 
f 
Fig. 19 (Tousimis and Fine 


Ax « 
NMF 
> 3 
AxF 
1) (Tousimis and Fine 
4 ‘ ‘ 
Fig. 21 t, and F jht (Tousimis and Fine) 


ec 
Pris 
= ya's 
Fig. 24 (1 simis and Fi 


Me 
AS 
> 


< > ar 
wt ‘ > OG. 
de Ba ! 


é » 
4 
- 
MACE 8 ox, 
IM 
Pe 
% 


ASCULARIZAT 


THE EFFECT OF \ AE ION ON THE METABOLISM 
Q)F 7 = Ss AND SW PE} 
| \ () \IS 
ites 1 nutes O15 \I 


\RIZATION AND METABOLISM 419 
Days 0S. sclera 0D. 0S. sclera OD Days 
4 7 3 
1/2 
6 
# 
sclera oclera 
0.5 0.D aS 0D 

4 

days days 
| 

days days 


120 GEORGE K. SMELSER AND VICTORIA OZANICS 
CENTRAL PERIPHERAL 
| IX t phs ol sector 
‘ 4 re er he 
dine i Che il Co Phe bands. The beta part cs Tt © « 
rn Saran sandwich was then dried be tissue wert owed to act the ¢ isiot 
tween sheets of hiter paper he thin Hat tor one te Vee Ss te I iul 
preparations were | between two aut graph, dur ng vhich t e f preparations 
radiographic plate h \ 
together under gentle pressu by rubbet boxes containing Cal . nt 
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Since the possibility ex iat the type of larization on labelled mate rial already pres 
chang with the in- ent in 


f the poss injected with 


mucopolysaccharide the normal cornea. These rats were 
growth of vessels, ant ( the S* sulfate and three days 
later the right eye of each animal was treated 
med pertinent with alloxan as described. The animals were 


group ) 1.5. 


se substances 


bility that translocation 

occurs within the cornea 

It has been shown that that part of the cor \utopsied (five in each 
1, | 12 ind 24 days later. 


nea in which the cells were killed, by treez 
sulfate was always incorpo 


ing, did not synthesize ucopolysa¢ 
t in the normal control corneas in a 


charides until it was 
homogeneous mannet 


(6.0) mn n liam rT nog 


The central area from limbus to centet 
one minute ind, when both eyes wet rmal, equally in 


rabbit cornea Was froze 


application of a demarcation between the cornea 
with solid carl | | rp and the uptake of sul 
72°C in every case distinctly 
hours than that by the cornea 
\utoradiographs obtained in 
1) showed that when cor 
d mucopolysaccharides 
ind treated with alloxan, 
within 36 hours 
ly throughout the 
bus. The differ 
il cornea 


At this 


corneal 
content the autographs 


id vas the beginning 


iT 


36 hours 


he SIX day 
was so 
is questionable 
xan treatment 
showed only a 
sulfate content of the 
In two cases, however, 
EFFECT OI I IZATIOD 
with 1 ame degree of vascularization, the 
EXISTING M 
sulfate content was somewhat more depleted 
RIDES 
At this stage there was a vascular invasion 


[he purpose 0 around the limbus reaching nearly to the 


ments was to determine the 


tion of iabelied sulfate ! inged nm tne i gl ) ent n 
mter ening le +1 periments no stag rization } | rust started. the 

rvening 

iscularization of the ri irred essels having advanced ne ore than 0.1 
irgely dep 1e1 

the right ve of thes s was mac Frot he third to sixth day afte illoxan 

ular by treatment h alloxan as de treatment the essels invaded the corneal 

scribed Sixty ‘ Vs th, ils were he diffe ence he 
sutopsied. the corneas | ted free frot tween the radi itograph of the experime! 

sclera and pla 1 in eithe ead water or! | ind contro corneas ¢ 1 me chang Sig 
cal 
sel 
7 
efiect of vascu cente! 
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The amount of ted material found in III. RADIOACTIVE SULFATE TURNOVER I) 
the cornea became deci ly reduced, rela CORNEAS WITH ESTABLISHED VASCULARI 
tive to the control, between the ninth and the ZATION 
12th day, and in most of tl inimals the 


limbal zone had definitely "ae, 
treated with yxxan 42 days prior 
than the central 
tion of the isotopic sultate 
nea was almost my ind evenly vas : 
corneal vascularization was complete 
cularized. On day after alloxan 
initial inflammation had subsided 
treatment all five of the vascularized corneas 
contained far less sulfate than did those of : 
rats were K 
the contralateral rmal cont1 and in 
r inyecti l t Suifate to ae 
all cases the reduction il ressed 


more rapidly in the pheral portion. The 


luction of sulfate, however, was 


lfate had be en take 


Although alloxan-treated vascularized cor 


lose their S*’-lal nponents at a 


ate exceeding normal, th ilso incorporate 


sulfate ; ley | dioactive sul 
was injected 
cularizing process 
height, on the ¢ 
At this time 
ing rapidly but had not reach 
the cornea. Radioautographs showed that 


sulfate was incorporated very vigorously in appearance to 


the vascular peripheral area whereas the obvious relation 


central avascular cornea synthesized new the seventh day 
sulfated compounds very poorly, less well ar f th | corneas 


even than did the normal scle1 \utographs of the vascul 


Other rats in which the vasculariza till uneven in density or mottled 


process was complete were found also to I istinctly lighter than those of th 
porate S* in the connect 


considerably exceeding that in the contra ing a 
lateral normal control eye. At this stage, es vascular corneas 


sentially the entire cornea was vascularized, Autographs of 


series showet 
the vessels were patent ind circulation that the scleras were aln free iS”. i 
The cornea between the vessels ap distribution in the vascular cornea 


to be transparent » inflammatory uneven. but it was obvious that sulfate 


process had subsided. In all cases the vascu- was at a much greater rate in the vascular 


larized cornea incorporated sulfate at 


a than in the normal cornea. There was 
higher rate than normal, but in four of the _ slight indication that this loss was more f 
five animals a somewhat less dense incorpo nounced in the peripheral part 


ration was observed in the centet1 The experiment was terminated on 


nis s cs it> Was 
time 
ind tne 
rhe cor 
ort five 
ng. 2 
termine 
SU n up Dy 
> ‘ 
the vascularized corneas, how 
quickly it Was rem ed subsequently 
' 7 In those rats in which the cornea of one 
eye Was isculal dark ill ba ne was seel 
in the autographs of the eye; such a 
corneas, nor was it seen in eyes which | 
I nistered 
first group of rats was studied. In four ot 
five of these the S* uptake of the norma 
cornea was slightly greate! than in the vas 
cular. Sulfate incorporation was uneven u 
all oF the ascular corneas, 2 ig a ( ed 
the autograph which had 
the pattern of vessels. By 
ha disap 
corneas 
but 
con 
Pe loss of sulfate from th 
l 
Ss 
| 
ro 
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autographs of that some of them may have been released 
e. The vascu from other tissues, for example, skin, and 
| of their sul brought to the eye by the circulatory system 


his source would be a very poor one, since 


active mucopolysaccharide synthesis was not 
in the central zone during the first 
the experiment during which most 
fate from extraocular tissues was 
ible. In addition, such ions would have 

igh probability of being excreted or re 
synthesized in other sites such as skin, cat 


ilage and glandular mucous. 


VAS‘ 


iscularized cornea to 


water was distinctly less than nor 


shown in Figures 4 and 5. Corneal 
solution was less 
but the difterence 
avascular cornea 
ight animals were 
In both experiments, the 
ights of the control and 
differed sigmif 
inutes swelling. The swell 
of vascular and avas 
only 
| was treated with al 


onsequently vasculai 


DISCUSSION 


[hese experiments do not support the idea 


a is main 
gh mucopolysaccharide con 


average 


minimum 


25th day, at which time th 
all but one sclera were negat 
lar corneas Nad lost a gre I 
eral, not as much as tl eras. However, in 
two cases the rate of | was nearly is 
great as in the sclera 
ry ANSLOCA I SULFA 
IN AVASCI AR 
Autographs of centr 1 peripheral ré 
Figure 3, in which S® sulfate was injected 
intr ] \ SWELLING OF AND AVASCULAR 
ntravenously tw ivS after the central re 
| ‘ 1 11 = 1 CORNEAS 
oO 1 corneas ha eel italuized Dy 
freezing as describx The left eve was re The ability of the 2 
ig a \ I 
mover vo later. a1 n consequence Wl 
lf | 
little Or no Sulfate was fixed 1n this region as il, as 
shown by e autogray f t eft (O.S swelling 
cornea (,ood ncorporat the sulfate than in 
was obtained, however n ft De! phery ot between 
region. One mont! iter the 1 Dit Was Sat ised in « 
riiced and the right ey O.D prepared  distribut 
ror autograpny. some e in concentra isculal 
tion Of OS material occu 1 in the peripl cantly al 
eral Dart th rim ot im Ing 
ippres ible quantit\ ot Tgal \ bound Cular Cor 
Was f und Im nt one \ ne eve 
freezing corneal cells 1 | into the d oxan and was (is 
populated zone, and as §$ ulphate becam« 
ivailable it was incorporated into cornea 
components in an ar viously free of S ee 
he nearest source of la sultate ions’ that the avascul 
was the periphet il rn but it is pe ssible tained by its hi 
per ent 
“ 
Fj + (Smelser and 
/ ~ 
list water at 4 I nt | 
repre the oe é t j maximum 
Vascular wnea 
avascular rnea 
a 6 4 
HOURS 
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control evescular corned 


tent which acts to prev limbal vessels Che present experiments 

from invading the strom: ulfate depletion fate incorporation 

of the cornea did cur a » 1 rnea was grea 

but this loss was fi lin an area col the v: ilarizing process had been cot 
with the vascular ind did not ti F ind the cornea was quiet, 

in the zone in front of the ad ‘ing ent vessels with circulating bloox 

sels. However, it 1 ited that tre: uptake was not higher than norn 

ment with alloxan and epithelial abr: the rate of its turnover 

reduce tl Fate itent tl listinctly more rapid than normal. Howey 
tire cornea in a homo; us n I these data provide no indications of ac 
sibly this reduction \ nough to permit t tal amount of mucoi 


vascular invasion witl i further regional The uneven distribution of sulfate ; 


reduction of sulfated mucopolysaccharides the autographs of the vascularized corne 


in front of the vascular prouts. (Jnce ves not explained Such 
sels had 1 aded tl rnea, removal of the 
sulfated substances pr led much more r seen by clini 
rapidly than in the normal tisst » rapid turnover of 
It 1 tl apid depletion was 
du rter distan ulfate ions had 
to diffuse before th ered the vascular ir » destruction 
system However ] ul < may have been oids which may have occurred a 
released by « ion of the connective tis ularization and theit replacement 
sue ground substance caused by the inflam lifferent type with a characteristic: 
mation attending the vascular invasion. Fol turnover rate. However, experi 
lowing alloxan instillation polymorphonu 
clear leucocytes inv 
new vessels There 
struction 
damaged th iscular sprout lfate o1 rat rate fron 
planation will not ry n tl Tl f periphery t 1¢ central area, but sulfate 
experiments on corn itl tabli ’ groups once detached from such compounds 


cularization, because 1 hos nei no do do diffuse and. because the distances 


flammation had subsided and no new vessels _ to vessels i great in the normal cornea 
were growing; vet the rate of removal of S very appreciable proportion may be resyn 
was as rapid or even more vigorous than in thesized into mucoids before they can leave 


the series of active vascularization. the eve. 
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Fig. 5 (Smelser and Ozanics) 
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nave 
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as well as 
This d 


objection 


ocular sources, 
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critical 
which suggested 
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temically labelled anin 
cornea no ¢ 
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ments the 
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lar connective tissue 


Che 


sulfated 


basis for the 
compounds 
could be attributed to 
of ke I 


metabolisn 
constitutes a larg 
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the experi The present data show only the amount 
of sulfate present, more strictly S*, and 


e 3 was done by 
nonsulfated chondroitin are 


changes in the 


not indicated; neither are possible decreases 


sulfate re 
f connective tissu 
ie of the 


frozen central 


in polymerization, nor the type of sulfated 
mucopolysaccharide. It n that 
larization caused the removal of either chon 
A keratosulfate or both 

ith another 


followed by their replacement wi 


sulfate 


iay be vascu- 


from extra 


the periphery droitin sulfate or 


not seem to be a 
the experiments less hydrophilic sulfated material. However, 


32 days) half-life 


this is hig 


hly speculative 


lso done on sys Regardless of the specific nature of the 


In those experi change which occurred in the sulfated muco 
polysaccharides, the general structure of the 
After 


initial edema and inflammation subsided, 


rece ved traces of 


extraocu vascularized cornea was not affected. 
the 
the corneas were transparent with details of 
iris structure clearly visible, although their 


luster appeared diminished 


SuMM 
he corneal mu : ARY 


slow turnover of sulfated muco 


Phe 


he absence ol polysaccharides in the 


rate of sulfate l. 


cornea may be due in 


Kin would, avascularity, which permits sul 


fate ions, released from one combination, to 


be resynthesized in another molecule before 


they can diffuse out of the cornea. 


2. Sulfated mucopolysaccharides are de 


In a vascularizing cornea more rap 


stroved 


nal. Reduction in their 
concentration does not necessarily take place 


in the zone in front of the advancing vessels, 


\ iscular 


hroughout 


as incorporated sul 


1 


exceeding normal during the 


pounds synthesized in a 


have a shorter life than 


the 


ipanied by 
his experi normal avascular 


luce d by Vita 


I swells much less 


e quantity oO 


does the avascular 


than 


It; 
Il 
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ference im rat 
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olized ites in different tissues 
but to date there is 1 nce in favor of 
this concept SSS 
learly that a fundament change in_ the 
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1 te that less su CU dAlCd, 
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est ited by hexosa lil itt ee 
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DISCUSSION 

represents another in the « f papers ne mI e the ar int lar tien it 
from Dr. Smelser’s very Sit the loxan-treated rne Wi that im noe 
Als xl re ld, it ses ruse ti rized rnea wells le n W 
it least as manv questior , vers. The 1 than the normal rnea. but the results .- oe 
tive he i the work v to tect potheses lirect knowledge f the nature md as the 
se of its hig ntent ride : work wit r animal and on 
ecot whether the par . y turnover rate tion might pt le come of the needed answet 

pol im the mpared to Fir ‘ mucopolysa ride is depl 
ler this was work | Dr. Dohlmar in the re f . ng vessels, it is not deplet 
nd me unpublished wor ‘ lependently ir iuhead of the vessels, and the questior rise st 
Smelser’s laborator whether lifference ether rare S enoug! te il] w the essels 
between the tw tic es. where the turnover rate it to vance . vhether the mu I rice 
the otherwise tive metal r rnea is slow theory is . e. This does not dea ‘ wit 
met ring ccler ‘ the the ~ eve whet the exper ntal ic 

Narization of the sciera pet ted o1 

rhe results of the exper on ved that vas In ¢ se this worl pens - f new ex 
tlarized ornea ‘ ee fiir er least peril nie e. nol ne pes t t the A 
breal wn mucoy wick ster than nos he the subject future reports by Dr. Smels 
vascularized corn riowever n so, the turnover grouy 
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PONENTS OF CILIARY EPITHELIUM 
fined to only two constituents, the (-cyto observed only in the nonpigmented epith 
membranes and . mall cytoplasmic elium. The pigment epithelium remains un 
vesicles. changed. The accumulation of vesicles ts 
The -cytomembr: ¥ resent within most pronounced 15 to 30 minutes after in 


two regions of the epithelium, the most basal travenous administration of Diamox. After 


area of the pign pithelium and the most longer periods the number of vesicles de 
il part of the non-pigmented epithelium. creases to about normal. In human material 
ar on sections as narro » same increase in number of vesicles is 
noted after systemic administration of 
Diamox but limited exclusively to the pig 
ment epithelium. The human nonpigmented 

epithelium is not altered 
The regular arrangement of the vesicles 
in rows near the surface of the nonpig 
mented epithelium is very striking and sug 
if a close relationship between the 
vesicles and the $-cytomembranes. However, 


it 18 not possible to 


unique for th rv epi , decide nature of -elationship. Pappas 


also found in t real tubul and Smelser (1958) have interpreted the 
1954). the chor nlexu ase. ippearance of the vesicles in rows after 
Diamox administration as a sign of a break 
lown of membranes. There is also the 
nembranes can be formed 
the vesicles However, the 
3-cytomembranes in the 
ited material 1s roughly the same ; in 
control n rial. This suggests that the 
broken down 
vesicles after sup 
7 4 4 
the secretion of aqueous humor 
is correlated to the decrease in 
raocular tension. This may be interpreted 
| which may 
Is before it reaches 
rence in ettect of Dian Ox on rab 
in ciliary epithelium is interest 
‘lated to the differences in 
‘ 
osition of the aqueous humor in the two 
However, far only one human 


been examined and more material 


most absent, 


ranged in 
After partial inhibitior ( secretion of before any definite conclu 
iamox, there 
enormous increa n the number of 


He wever, tni irkable change is 
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1956 the 
Sidstrand 
of the ‘ 
CCS ynere 
p ice thre 
1 4 
ever r 
port (yt 
theliur 
the S¢ pla 
epithe 
“ry il] 
ire 
lavers. Th 
ind are ol 
to | 
epitheliu 
from birtl 
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DISCUSSION 
Dr. Georce D. Pappa Dr. Holmbergs stud Brandt, P. V Biophys. Bi ‘ Cyt 4 
shows very well that we are able t sualize cer $25, 1958 
tain aspects of physiolog phe ena with the Dr. V. | Kinsey (Detroit): I would like 
electron microscope. In thes rv good electrot to point bam intereatis rrelation between some 
g \ 
micrographs Dr Holmberg s ce nstrated that r the het findings we have 1 le nd Dr 
the fine structure of the ev enithelium is nged Holmbere’s observatior the inerence is eaiclos 
or altered when secretion of ; is partial n the ciliary epithelium of the rabbit eye 
inhibited after Diamox Dr. Redd nd I have beet tudving the rate ! 
The ipal change that Dr berg re turnover total xide the 1s 
ported is the large increase in the 1 er of vesicles wane , ‘ nd have found it t e eutee 
the toplast the the posterior at on Dr. Green who reported 
hamber after Diamox treatment. Dr. Holmberg same wear hefore thie Ase tn Gan 
iwwgests that the vesicles are the rriers of aque : 
ous and that during part nhibitior f secretion I "i Diamox the turnover rate tot 
vesicles ippear i the liox ecreases Signil unt] n | tne pos 
Dr. Smelser and I have been engaged in similar terior and anterior chambers. We were interested 
studies which we reported at t eeting last veat nm determining the time arse of the inhibiting 
ad nd large » Pappas Diamox and. interestingly et nd 
G. D., and Smelser, G. K \ |. Ophth., 46:299 t the ‘ effect of Diamox 
Nov. Pt. Il, 1958). I nature, electro ween 10 15 tes after intravet {mit 
in deal only w fix nonlivit stration r surprise the effect is all 
terial. Therefore, one must interpret namic pr 
esses from static pictures. It n this aspect of D Dr. Becker at s associates tered 
We have altered ‘ 5 tion with Diamox gain t time Irs¢ the pre e-lowering effect 
is well as by other more thods. In all fD x ! so the time irse of the reé 
these experiments the ce racteristic it tion in flow. The time theese effect wert 
foldings and interdigitatior é es appear tinctly d ! tr that t the tur ver f 
it first in linear arrangement t e areas. lt tota I xide. They found that the f rate 
ppears to us that the most r tents ular pressure remains 
plain the linear arrangement esiclee ia that the ter the anit s were give 
rise from the fragmentatiot membranes. These Now Dr. Holmberg finds that th . 
hanges appear to be les prot meed in Diamox rease 1 the number of vesicles in the liar e] 
treatment. but wher mpare the ther ex ccut hout 10 or 15 nutes after 
periments they appear to be t Diamox and the increase in vesicles sappear att 
| believe ne tf st use ! n stating w bout one ur Bot of these bservations cor 
which direction the v ‘ n the epithelia relate well with the time course of the inl t 
ells are moving r if the re moving at all effect of Diamox on the turnover of tot rbor 
In other cells when we know the direction of fluid lioxide. I t k this is extremely interesting 
movement. such as the contractile vacuole in frest If I may speculate for a moment on the point Dr 
water amebas, the vesicles w surround and Holmberg just touched on—and I would remind this 
empty their contents int the tr tile uole re udience t t in the humar being the | rbonate 1s 
not arranged in linear f i Pappas, G. D., ar leficient in t queous and the loride excess 
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whereas, in t abbit the bicarbonat n ex to me to suggest that accumulation of vesicles has 
and the chloride d do more with the bicarbonate formation than 
ow and depression of the pressure 
As Dr. Smelser mentioned earlier today 
llent electron microscopic pictures with 
me problems but creat 


ones 
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INTRODUCTIO? SUBJECTS AND METHODS 


Methylcholanthrene, potent chemical C,H (Cumberland Farms) mice ranging 
carcinogen, has been previously introduced from two to five months of age were used 
into the eyes of pure strain 1 vari exclusively. Methylcholanthrene was impreg 
of intraocular and extraocular malignant nated in 4-0 black silk atraumatic eye sutures 
tumors were observed. These have consisted as previously described.? The needle was 
of squamous cell carcinomas of the 1ea, introduced through the sclera at about the 
conjunctiva, and of epithelial downgrowths, equator. The suture was threaded through 
malignant tumo1 f th t an horoi the posterior segment between the lens and 
thought to be melanomas, sarcom: ; + retina and out the opposite side of the globe 
orbit and adenocarcinoma =: | lhe ends of the suture were cut at the scleral 
gland surface and the free ends allowed to retract 

The present experiment vel designed te into the globe One hundred eyes of 50 ani 
ls were operated ; 52 eyes were reopel 


tion of methylcholanthren \) impreg ited with the identical technique 21, 28 and 


evaluate further the effect f the implanta ma 


nated silk suture in the posterior segment 36 days later; 48 eyes received a penetrating 
of the globe. The possible tumor promoting diathermy puncture at the approximate site 
23 and 30 days after the 


plantation of another M¢ imp1 nsertion of the methylcholanthrene suture 


action of either a t operation with im rf uture 16, 


ture f a diathermy puncture after orig \ standard Walker retinal detachment unit 


inal operation has been tested. U (Rose EI ical Products) served as a cut 
conditions of these experimet 11 rent source. A 1.0 mm. penetrating electrode 
eration with either of th proces wa sclera with 30 ma cur 
not alter significantly t tumor yie I rent for two seconds. Sixty-four C,H eyes 
tained by a si ration wel ‘rated by a single implantation of 


\ suture rve as controls 


[he data collected in these experiments 
ire tabulated in Tables 1 and 2. The differ 


ence in total tumor yield of 8.5 percent ob 


with the different distribut rbonate seems nd very interesting aus 
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TABLE 1 


\ SUTURE IMPLANT AND SECOND OPERATION 


Davs Betweet 
Number of Ey ist & ~~) 
Operated ce-opera Li Procedure 


16 
12 


tained by initial operation followed by dia the prol 


OF 
thermy, with 11.5 percent for reoperation cinogen 


with a second MCA suture is not statistically Simpson, 1945, 
significant. The controls that were operated kin application of a singk 


single M¢ ure d loped tumors arc ren, inadequate to pi 


percent ) ra lable that initial f local 


shows that the tumor ld in general in ‘urred but following the usual 


Howe 


suture implantation and th the single appli f th 


creased as the period tv n initial M¢ \ no tumors de velope« 


cedure was increase gt are as yet amount of 

inadequate l aw defin ymclusions on of burning the skin was 
this point. Further nt now veloped at the burn site 
progress. Approximatel 1 f the showed that tumors occurred ; 

eyes that were operated | mp f deep skin wound inflicted foll 

a single MCA suture ultimatel ame plication of a small dose of carcinogen that 
phthisical within two montl | operation was normally insufficient to produce tun 
and were lost. In those iving either Yet ipplication of injury o 


a second suture implantati r diathermy, specific irritants alone 

the number of ltimatel fron tumors 

phthisis bulbi \ ipproximately 50 pet [hese observations together with their 

cent own simil lata led Berenblum and Shu 
Disct )N ik* t mclude that the initial irritant a 


Before discussing tion or “imitiating action 


some observations that a1 undamental to and ts_ onl 


rABLI 


[TABLE OF INDUCED TUMORS 


Classifi 


Squamou” 
No. of Eyes No. of 
Carc! 

n 


Cel 
ratec umors 
— omas ot 


Conjunc- 
tiva 


Single implantation of MCA suture 
Repeat implantation of MCA suture 
MCA suture plus diathern 


— 
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No. of Tumor 
| y eld 
with S t re ther 
16 16 0 0 
21 l 12.5 
12 23 l 8.5 
20 ; 15 
4 36 5 20.8 
lem of co-carcinogenesis and car 
promoters are cited. Cramer and 
t following the 
ee nia lose of 
with duce tumor 
tollowine 
Ill? 
ee: produced by a definite carcin 
of | or 
\deno 
Procedure ircinoma 
Choroidal 
lal of Har- 
Gland 
64 6 9.3 2 3 | 
5? 6 11.5 6 0 0 
48 4 8.5 j 0 0 


PRODUCTION 


gen. Once the “initiating action” produced 
is occurred in the 


for 


by a specific carcinogen hi 


tissue, then a nonspecific irritant, ex 


ample, heat or trauma, may exert a “promot 


They 


reasoned that the specific carcinogenic chemi 


ing action’ and neoplasia follows 


cal changes a few normal cells into latent 


tumor cells (initiating action) on a single 


application. If the initial irritant effect is 


] 


potent enough, tumors will develop without 


a secondary n r. If the initial car 
cinogen is applied in a 


effect 


all amount, 


only the initiating Either a 


ccurs 


repetition of the carcinogen or the applica 


tion of a int “promoter” 


nonspecific irl | 


will then be 


Che 


enated 


requir neoplasia 


des 


pron rs are usually 


co-carcinogens 


The co-carcinogens them 


not 


selves necessarily carciogenic, m 


ay also act 
during the initial yf the carcine 


shorten the 


ren.* Their effect can be ( 


itent period ot actua where the 


carcinogen 1 uth tly potent to 


) 


produce tumors and (2 I ote the pro 


duction of tumor wher ircinogen dos 
itself is insufficient 
The averas umor yield of 


obtaine 


10 


procedure 


percent 


lowet intation 


tured giobe am 
ignant tumor app 


meianoma 


irer 


sembling 


OF 


OCULAR TUMORS 


al.) 


Right eye of operated ani 

nal on right is proptosed and orbit is filled with 

tumor. Operation <« nsisted of 
MCA 

carcinoma originating from 

left 


single implantation 
showed cell 
conjunctiva. Unoperated 


suture. Sections squamous 


control animal is on 


the 
produced by 


most same incidence (9.3 percent) as 


MCA 


implantation of 


y a single procedure of 
implantation. The 
an MCA suture or 


following the 


second 
of diathermy application 


initial procedure was ineffec 


tive here as a promoter or co-carcinogen. It 


is possible, however, that the larger number 


of phthisical eyes developing in the multiple 
the 


In 


procedure groups may explain in part 


failure to increase the final tumor yield 


these experiments. 
It is significant where the eyes wert 
re-operated by either diathermy or 


MCA 


formation occurred exclusively in the over 


a repeat 


implantation of a suture that tumor 


lying conjunctival epithelium with squamous 
cell 


carcinomas de veloping Possibly these 
Hay have developed early 


ind destroyed any latent or slowe1 


the 


growing 


intraocular tun ditter 


mpl S of 


Growth after 
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Fig. 1 Patz, et al Pur I ss hills entire Fig. 3 (Patz, et 1.). Subcutaneous tr nsplant 
globe of operated left eye. 7 mor later ruj from tumor seen in Figure 2. Original piece of 
filled I { ~~ s showed 1 tr nsplanted tur r measured 1 mt in diameter 
went lorigin and re- G9SNMNN two months measures 16 by 22 by 


Fig. 4 (Patz, et al.). Medium-power view of se 


tion of one of choroidal tumors having characteris 


tic spindle cell arrangement. Note similarity of this 
melanoma. ( « 100, 


animal tumor to spindle B humar 
hematoxylin-eosin. ) 


Fig. 6 (Patz, et al.) 


Intracranial 


extension Of a squamous cell carci 
conjunctiva. Tumor fills 
through 


(QO) to displace frontal lobe 


noma of 
orbit 
wall 
(F). Tumor extends acre 
skull to invade R orbit 
hematoxylin-eosin. ) 


and erodes orbital 


ss base of 


(R) x 60, 


High-power View ot Se 


tumors 
resembling 
(500, 


ior cells 


melanoma 


Fig. 7 ( Patz, et al.) 
seen in Figure 6, 
( <400, hematoxylin-eosin. ) 


showing cellular 


ae 


Arrows 


point t 


epithelioid 


Higher power view of 


hemate 


tumor 


tails of tumor 


Fig. 5 (Patz, et al.). tic: 
thelioidlike hu 
eosin. ) 
pe “AY Ja ' 
> 
A 
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Fig. 8 (Patz, et al 
extension of a squamot 
noma of conjunctiva 
wall. Note atrophy a1 
fore brain (B) 
oxylin-eosin. ) 


ent types of induced tumors are 


ures 1 through 9. 

No distal metastases h 
recorded from the pri 
Invasion of the intracrania 
in several tumors and_ the 
shortly thereafter. In one 1 
the tumor spread acr 
skull intracranially 
orbit 


seen in Fig 


yet been 
tumors 
occurred 
als died 
0) 

the 


Sle 


SUMMARY AND CONCLUSIONS 


Methylcholanthrene, 


carcinogenic 


hydrocarbon, has been introduced into the 


eves of several strains of mice and a variety 
of intraocular and extraocular tumors have 


been produced. 
2. Repeated transplantation of several of 
the tumors to other mice of the 


was successful. The local 


Same strain 


malignancy of 


the tumors was evident by their rupturing 
the globe and invading the orbit and in some 


instances by intracranial extension of the 
tumor. No di 


far obse rved. 


stal metastases have been thus 


epeated introduction of a methyl 
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Wie 
4 
SS 
cd 
INS, 
. 
& 
cavity 
nin 
h the oppaam 
‘ 
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Fig. 9 Patz. et ). Higher 
=> power view Of tumor seen in Fig 
= \ ure & showing ellular pattern ol 
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cholanthrene impregnated suture after initial 


operation failed to increase the tumor yield 


the re-operation or diathermy as utilized 
these experiments failed to act as a pr 
Penetrating diathermy applied after initial 


carinogen on the original MCA 
introduction of a methylch 


suture operation 
was also ineffectual. It was concluded that 1212 Eutaw Place 


inthrene sutur« 
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W Experit 


be reward 
niques otf 


lifference ir 


ind 

vent 

witl la ld 

know whether or not the dia This sort of experiment has I 
tion causes strong inflammation and exudation would not go 


ulong with Dr 


| Rogers, S. WNMMMnental production of ocular tumors. A 
ps \ Sensitizatior as the hirst | ise sku ( 
ee ( Wolff: Chemical Induction of Cancer. London, Cassell, 1952, p. 106 
1 Shey | Che role rotor app tione cory te wit e | nting 
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proj 
the incidence of tumor produ I ihe lens , ways been 1 stant t t t 
Dr. K urowski, tt Hos stimu it WwW teresting to 
pit s heer using holanthrene w te neo] st t t t 
ittempt to u r ft ‘ s tur rs mique re vhether this te ew 
I ner rea or the l ri¢ | pe lets effective in the r tissue t experiment 
into the bran r exter eat use s well ther than the strains e t t 
mto the cular kx eel employe 
em] ed i s studies. These pellet ve remained the held opened for study by Dr. Patz’s observ 
t is interesting that the ture t in whic ther areas of the body. We certainly are indebt. 
the ntained carcinogeni tior wld be lost in to him for his present ntributior ad « essa 
1 few davs is « effective t be ‘ t the forward wit reat interest ¢ the resctulte . 
presence of the silk sutures ‘ foreion hody i future studies 
the eve nd that t t erpreted Dr Leo | MAYER sol Mississipp | 
ircinogeni gent per | ‘ ts r ni might shed little light on this w e subject |} 
ca itatu ‘ varv W ng ou n experiment that y ne 1) 
es speci Ar u We Dr. Weil was e neu! 
Reope n and ‘ parison wit gis Nor western Universit 22 
Size the 1S¢ eve ve SSIVE We pr Miuced stoma in mice ecte 
ind strong insults. Per [ the tior t the se the methvlicholanthrene in superheate 1 lard + ‘ 
ndar inter ference ‘ yreat metabolic time because Dr. Weil had previously. used this it 
mat 
did ve 1S€ 
ly hy "sing Net 
vy i> 
retinohlactan 
een done before. and 
eopold ‘ 
— 


"RODUCTION ‘ TUMORS 435 


h appeared in the Archives of Ophthal 
We have o ved a type of lesion similar 
shown in the photomicrographs of their 
we introduced almost any type of 
ial into the vitreous and got a subse 


4 
t 


ing, and apparent proliferation of 
interested in seeing the 
Weil’s and Dr. Mayer’s 


further data have ap 
orts 

mpted » introduce the crystal 

lens, which Dr. Leopold asked 

we ha verforated 

ire the ircinogen was 


We observed no lens 


IMMUNOGENI( IPHTHALMITIS PRODUCED IN THE GUINEA PIG 
LENT PATHOGENETIC MECHANISMS 


RSTEIN, PH D., AND LORENZ | ZIMMERMAN, M D 


DA 
extensively studied in 
connection with tuberculosis; indeed the tu 
duced by immunologic mechanisms, an berculin reacti is generally considered its 


Wessely’s* work on immunogenic keratitis, prototype hot be pointed out, how 


hypersensitivity i 1oO1 nave received *T, (Nat Most fungi and many viruses, and 


pr tential causes l ipl bland proteins such as egg al 
ises. The rat I bumin®-?° ar apabl F eli iting the tuber 
delayed hypersensitivity re 

ind experin 
have been summarized elsewhet iddition to the wide range of etiologic 
postulated it nongranulomato agents which may potentially produce acute 
uveitis in ma t] result of ; uveitis or endophthalmitis, on the basis of a 
hypersensitivi mechanist imilar t it “microbiallergic’” mechanism, it be 


vonsible for tu ulin reaction pointed o that other imunological mech 


re 
anisms may operate to produce ocular d 
ease. Whereas 1 layed hypersensiti 

these conditions, imply1 ly ; mechanism al it to be mediated by 


been pro 


layed hypersensitivity 1 hanism, t als 11 g antibody, uveitis has 
something about the natur f the etiolog: in experimental animals with pure 
agent responsible for the disea pl by antibody-mediated mech 

The delayed hypersensitivit ti and The results of our previous 
its manifesta ive | identified with udi and of those described herein, 


the response icterial infections largely rovide additional support for this sugges 


because the conditio1 vas rst cog tion, considerable range of tissue re 
ve been obtained with the same 
materials given under different 
conditions. By varying » method of sensi 


ation, route of administration and dose of 


antigen, the several immunological mech 


Suture 1d ) ifis was done port, W 
simp by injecting wit hwnerdert needle 
sutures i gy WV 1 Oo na 
it least tw eare t _ s reported i nanet 
the f 1940 foreign 1 
LR ARNALL PATtz wou ike t uent gliosis, 
it nk the suture 1 | I e! es themseives 
because when we Oo e figures tor the experiments, or see 
tur ie i pr ict I tting the tused peare trom those o1 
pelle rvs ‘ mor ¢ ave not att 
nit Six per eTit el nto the T stalline 
unthrene suture was PI ite out, ilt ough 
10 percent S t lect the e nce the lens ipsule nd 
or with lens epi 
I was ware D Maver’s re tumors 
ARTHUR M, SV 
Alfved P. S tion, It 
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anisms may be stimulated to produce ocular 
lesions. Thus, the “wheal and erythema” re 
sponse, the Arthus phenomenon, the tuber 
culin type hype rsensitivity reaction, and even 
local antibody production may severally or 
in concert contribute to the histopathologic 


picture of an ocular lesion, often with clini 


to be identical 
offered to 


cal manifestations which seem 


Che 


illustrate this point, wherein clinically sim 


present experim nts are 


ilar conditions of nongranulomatous en 


dophthalmitis have been produced in the 


pig by simple protein antigens and 


guinea pig 
I 


immunological mech 


different 


mediated 


anisms 


HOoODS 


MATERIALS AND M1 


4 PIGS 

Young female adult albino guinea pigs of 
the Hartley strain weighing 300 to 450 gm 
were used. They were fed purina rabbit chow 
supplemented with kale and c ts, with 


water ad lib. All 


is of abnormality before initiation of each 


eves were examined for 


experiment 


ANTIGENS 


The protein antigens employed were twice 
Worthing 


New Jersey, 


albumin (Ea 
‘reehold, 


and bovine serum albumin 


recrystallized egg 
ton Biochemical Co., F 
Lot 2542) 
(BSA, Nutritional 


Cleveland, Ohio, Lot #5896) 


he als 
Che 


were prepared as 1% solutions in 


Corp., 
intigens 
isotonic 
and stored in aliquots 


saline, Seitz-filtered, 


at 20°C Immedi 


without ( itive 


ately before use, the antigens were thawed 


and diluted as required with sterile saline 
The same antigen was used for both sensi 
tization and challenge in a given animal. An 
BCG 


Founda 


out-dated commercial preparation of 


(kindly provided by the Research 
tion, Chicago, Lot #10 BLP) was em 
ployed for tuberculin sensitization of the 
guinea pigs in some experiments. The or 
ganisms were suspended in saline and boiled 
for 20 minutes prior to use. Purified protein 
(PPD) of the tubercle 


Merc k 


derivative bacillus 


(second test strength, Sharp and 


ZIMMERMAN 


Dohme, Lot #3757 G) was dissolved in 
sterile saline, rather than in the commercial 
preservative solution provided, and used im- 


mediately. 


SENSITIZATION OF ANIMALS 


Active Arthus 
by the intraperitoneal injection of 1.0 mg 


sensitization was induced 
of protein in 0.1 to 0.5 ml. of sterile saline 
[he animals were challenged 12 to 14 days 
later, at which circulating antibody 
could be demonstrated ; control animals pre 
pared in the same way could consistently be 
sent into acute, usually fatal, anaphylactic 
shock upon intravenous challenge with 1.( 
mg. of antigen. Passive Arthus sensitization 
was achieved by the intraperitoneal injection 
of suitable volume of either rabbit anti-Ea, or 
rabbit anti-BSA containing 1.0 mg. of anti- 
rabbit antisera were ob- 


body nitrogen. The 


tained following repeated intramuscular in- 


jections of » antigen in combination with 


Freund’s adjuvant lhe passively Arthus- 


sensitized guinea pigs were challenged by 
intravitreal injections of antigen two hours 
ifter sensitization 

\ state of delayed hypersensitivity 
} 


berculin was initiated by injection of a total 


dose of 2.0 mg. of heat-killed BCG incor 


porated as in a Freund adjuvant.** The tu 


berculin-sensitive animals were challenged 


two weeks later. A state of delayed hyper 


sensitivity to simple protein antigens was 


achieved by the method of Uhr, Salvin and 


Pappenheimer.’ In this procedure, a total of 
3.0 pg. of either Ea or BSA was used in the 
form of an immune precipitate prepared in 
the region of antibody excess (four-fold 
more antibody than present at equivalencs 

Freund’s adju 


incorporated in a complete 


vant, including myco-bacteria, and distrib 
uted into the four foot pads of the guinea 
pig. The animals so prepared were chal 
lenged 12 to 14 days following sensitization 
\t this time, as was found by Uhr and co 
acute anaphylactic shock could not 


W ith 


worker ky 


be elicited by intravenous challenge 
antigen, nor could antibody be demonstrated 


in the serum by the extremely sensitive pas 


IMMUNOGENI( 


sive cutaneous anaphylaxis test. The intra 


dermal skin test reaction at this time in con 


trol typical of the delayed 


Thr, et al.’ 


animals was 


response as cle scribed by [ 


CHALLENGE INJECTIONS 


challenges with antigen 


All intraocular 


were made into the vitreous as described 


previously.** The guinea pigs were anesthe 


tized lightly with ether. Since the guinea 


larger in proportion to the 


I 
rabbit, the 


pig's lens is 


vitreous body than 1 


hypodermic needle as it passes through the 
I back somewhat 


pars plana must be angled 


more to avoid perforating the posterior lens 


Whereas 0.1 mi. Ce uld be 


with no difficulty into the rabbit 


capsule injected 


vitreous, a 


maximum of 0.03 ml. of solution containing 


the required amount of antigen was injected 


into the guinea pig vitreous. Skin tests were 


performed in contro! animals by injection of 


0.05 ml. of antiven intradermally in the pre 


shaved ventra: a: ca 


(OBSERVATIONS 


inte! 


The eves were 


vals after challeng« severe re 


sponses, consisting of chet is, perilimbal 
injection, precipitates and fibrin in the an 
yr chamber, distortio1 the pupil pro 


by posterior synechias, and diffuse 


unaided 


duced 


keratitis were 


rizah! 
recognizaDk 


eye. The slitlamp and ophtl 


| scope were 


employed as required to d less blatant 


char 


Representatiy eves were enucleated 


at intervals after chal histologi 


eXamination, two or mo! eC} ing taken 


for each pel iod I hese rX¢ d In aqueous 


sectioned at 


stained 


formalin, embedded in parathn 
to 7.0 microns thickness, and 


with hematoxylin and eosi 


RESULTS 


A. RESPONSE OF GUINEA PIGS RENDERED DI 


LAYED-HYPERSENSITIVI ROTEIN ANTI 


GENS 
(guinea pigs were sensit 


tion of antigen-anti 


Freund’s adjuvant, b 
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Both Ea and 


experiments 


Salvin, and Pappenheimer 
BSA 
he experimental observations were con 
both 


were used, in different 


sistent with antigens, and the results 


will be discussed together 


Intravitreal challenges with 3.0 pg. of 


antigen were made 12 to 14 days after sensi 
tization. At this 


time, acute anaphylactic 


shock could not be elicited in comparably 


sensitized control animals, nor could ci 
( ulating antibody be demonstrated by the ex 
tremely sensitive passive cutaneous anaphy 
or the tanned-cell hemag 
Skin this 


time produced the characteristic delayed-type 


laxis technique 


glutination technic." testing at 
hypersensitivity response, typical of animals 
sensitized in this manner.® 

lhe early response to intravitreal injection 
of antigen in animals of this 


group Was 


rather consistent. At 15 minutes there was a 
at the limbus and 


Micro- 


posterior segment and anterior 


vessels 


mild dilatation of 


a slight haziness of the vitreous 


scope ally the 


uveal 


tract appeared normal while a few 
polymorphonuclear leukocytes were present 


dilated limbal 


hour, there was slightly more response at the 


around the vessels. At one 


limbus, with scattered polymorphonuclears 


infiltrating the peripheral cornea 


Four hours following challenge, micro 


scopic alterations were more obvious al 


though clinically only a mild hyperemia of 
the iris and a somewhat more marked vas 
ilatation at the limbus were ob 


More 


present it the 


lymphocytes and monocytes 


wert limbus, while 


poly 

norphonuclears and a few lymphocytes dif 
| ym] 

fusely infiltrated the peripheral cornea. The 


Irls, especially at its root, contained mono 


cytes and large undifferentiated mesenchymal 
cells. A mild perivascular round cell infiltrate 


] 


as also present at he optic ne rvehead 


chal 


both clinically 


The ocular reactions 24 hours afte 


lenge were remarkably severe, 


11 


and histologically. In the more intensely in 


volved eves, the extent of the keratitis was 
ical examination of the intra 


Mild to mod 


1 
mosis Was pre sent in some animalis 


les Was impossibk 


$37 
| by the injec 
the method of Uhr, erate che 
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Fig. 1 
the corneal 


(Silverstein an 
delayed 


165.) 


stroma ot 


( Hematoxylin-eosir 


When the cornea was less cloudy, the iris 
appeared markedly hyperemic, the anterior 
chamber contained much proteinaceous exu 
date, cells, and occasional fibrin strands, and 
the vitreous was cloudy, obscuring the fun 
dus. 

Microscopically, the limbus was intensely 
infiltrated 


morphonuclear cells, 


with mononuclear and poly 


while the cornea was 


massively infiltrated with polymorphonu 


clears (fig. 1). A scattering of large mono 
nuclear elements was also present in the 
cornea. Capillaries could be seen as far as 
half way in toward the center of the cornea. 
In the iris and ciliary body, there was an 
extensive, diffuse infiltration (fig. 2), pre 
dominantly by large undifferentiated mono 
nuclear cells, monocytes and lymphocytes 
(fig. 3). There was a sprinkling of poly 
morphonuclears in the iris stroma, and some 
what greater numbers in the ciliary body, 
There 


a fibrinous deposit on the anterior iris sur 


particularly in the pars plana was 


face. In one of the eyes examined at this 
time, there were a few small petechial hemor 
rhages in the iris. The anterior chamber con 
tained both round cells and polymorphonu 
clears, as well as a proteinaceous exudate 
The same cells were seen in the posterior 


chamber and anterior vitreous. There was 


some infiltration, predominantly by round 


SILVERSTEIN AND LORENZ E 


Zimmerman). Diffuse polym« 


ZIMMERMAN 


rphonu 


hypersensitive guinea pig 1 ] 


cells, of the preretinal vessels in and around 


the optic disc. In one eye the choroid had a 


few focal infiltrates of small mononuclear 


cells; in another there was a very heavy 
diffuse choroidal infiltration predominantly 
of large mononuclear cells but with some 


polymorphonuclears. In the subjacent sclera 
and episclera of this eye there was 
nounced infiltration of the same inflamma 
tory cells, primarily about blood vessels (fig 
4). 

The clinical and histologic picture of these 
lesions at 48 hours was essentially the same 
as was seen at 24 hours. There was then less 
proteinaceous exudate in the anterior cham 
proportion of polymorphonu 


ber and the 


clear cells in the iris, anterior chamber, and 
posterior segment was reduced. Except for 


cells 


undifferentiated 


the corneal infiltrate, the elsewher« 


were chiefly mononuclear 


elements and macrophages. 


By the third and fourth day, the corneal 
had 


there was still a mild diffuse polymorphonu 


reaction subsided somewhat, although 
clear infiltration throughout the cornea, in 
volving both the superficial and deep lamel 
lae. There was a relative absence of poly 
morphonuclear cells in the other tissues; a 
suggestion of early differentiation into 
plasma cells was noted but only an occasional 


fully acceptable mature plasma cell was seen. 
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(Silverstein and 


In the following week to 10 days, the re 


ictions in the challenged eyes slowly sub 
sided. Except in the cor 
cells had 


round cell response gradual 


nea, polymorphonu 


clear largely disappeared. The 
ly waned and by 


the 6th day, mature plas1 


Fig 3 (Silverstein und Zit 


liustrated 


a cells were in evi- 
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stroma is diffusely invaded by polymorpho- 
1onuclear inflammatory cells. From 


dence. The keratitis was mild and patchy and 
had almost disappeared histologically by the 
13th day 


infiltration of lymphocytes, undifferentiated 


At this time, only a mild diffuse 


mononuclears, and immature and mature 


plasma cells, the latter the predominant type, 


infiltration of the iris shown in 


(Hematoxylin-eosin, x 305.) 
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was present at the limbus, in the iris and in 


the ciliary body, especially in the pars plana 


B. RESPONSE OI RENDERED 


rUBERCULIN-HYPERSENSITIVI 


Fourteen days after sensitization with 


heat-killed B.C.G., 


0.5 pg. of PPD were made to serve as con 


intravitreal injections of 


trols for the ocular dela rsensitivity 


response elicited with antigens. The 


ocular tuberculin responses, and the othet 


immunogenic reactions described below were 


followed only for the first few days, in order 


to compare the acute phase of the clinical 


and histologic reactions with those described 
above. 
Clinically, the similar to 


re sponst S were 


those observed following protein antigen 


challenge of delayed hypersensitive guinea 
minimal reaction in the 
24 


ititis obscuring 


There was a 


17S 
pig 


first few hours, while a urs there was 


in some eyes an intenss 


internal observation, with varying degrees 


of chemosis. When the r could be vis 


Fig. 4 


dominantly 


( Silverst 
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ualized, there was marked iritis with cells, 
proteinaceous exudate and occasionally fibrin 
in the anterior chamber. 

Histologically, during the first few days, 
the picture appeare d to be of the same quali 
tative nature as in the animals rendered de 
layed-hypersensitive to protein antigens. The 
only noteworthy exceptions were that 
larger proportion, but not all, of the tuber 
culin-challenged eyes had petechial hemor 
rhages in the iris stroma, and that the pr 


portion of polymorphonucleat leukocytes 


} 


was somewhat greater than in the guinea 


pigs which were delayed-hypersensitive to 
protein antigens. The cellular response within 
the uveal tissues, however, was still predom 


inantly mononuclear 


C. RESPONSI! ARTHUS-SENSI 


rIZED GUINEA PIG 
Two weeks after intraperitoneal sensitiza 
tion with 1.0 mg. of BSA, the guinea pigs 
were challenged into one eye only with either 
Both 


responses to the 


300 ug. of the same antigen 


50 ue. o1 


histologic 


(hg 5) 
DI 
— 
A 
> 
BM eeeeetecin and Zimmermar The same guinea pig eye shown in Figures 1 to 3 ex { pre 
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lower dose were 


sient than after the larger dose. The response 


to 50 ug. was characterized at three hours by 
| essels 


ild injection of limba 


was a light infiltrate of round cell 


ind cho 


morphonuclear leukocytes. The iris 


roid were only slightly infiltrated by the sam« 


cells and the posterior segment was generally 


ininvolved. In one eye only at this time wert 
there moderately intense focal choroidal infil 
mononuclear and polymorphonu 
, associated with a perivascular in 


itory infiltrate in the posterior orbital 
At 24 hours, the limbal 


only slightly more pronour as 


flamm 


tissue reaction was 


was the 
| 
wphonuclears 


anterior uveal response. Polymory 
and capillaries infiltrated the peripheral cor 


Chere 


infiltrate around the 


lictay 


nea for only a short distance was a 


moderate round cell 


preretinal vessels about and 
a mixed polymorphonucleat round cell 
infiltrate in the posterior orbital tissue 
In contrast to the response to 50 pg. of 
antigen, the injection of 300 pg. produced a 


much more violent reaction. While the pic 
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hours was not appreciably mors 


marke d 


Was more 


of the this later time 


anim: at 
there was marked chemosis, and severe kera 


titis usually made internal examination im 


possible. When the anterior segment could 
be viewed, marked iritis and a few petechial 
the iris 


hemorrhages of wert 


observed n 
Proteinaceous exudate, 


lls and 
1 


ident in the 


some eves 
often fibrinous strands were e\ 
anterior chamber, while keratic precipitates 


ind material on the anterior lens surface 


were also visible. 
Microscopically, thickened cornea was 
irily by polymor 


there 


diffusely infiltrated, prim: 


phonuclear cells, while at the limbus 


both 


were round cells and polymorphonu 


the latter predominating. The iris and 


body 


cle ars, 


lary were massively infiltrated 


mostly by polymorphonuclears, but with 


round cells in evidence. The ciliary body, es 


pecially in the pars plana, was more involved 


than the iris. Petechial hemorrhage in the 


iris was seen occasionally. The anterio1 


chamber contained many cells and a pro 
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R 


did 


chamber and anterior vitreous 


teinaceous exudate, as the posterior 


Chere was a 
minimal cellular infiltrate at the optic disc 


In one eye there were focal infiltrates of 


round cells and polymorphonuclears in the 


choroid, well as a light infiltrate in the 


as 
posterior orbital tissue adjacent to the opti 
nerve. In those eyes which had shown mild 
response, the corneal infiltration was less 
pronounced, and in some eyes limited to the 


Also, 


the anterior chamber, 


periphery in these eyes, the cells in 


vitreous, and infiltrat 


ing the iris and ciliary body were fewer, but 
the cell types were the same 
The clinical and histopathologic picture of 


48 


challenge in 
fea 


the hours 


response 
these animals had essentially the 
24 


therefore be described further 


same 


tures those at hours, and will not 


RESPONSE Ol \RTHUS 


D. 
rIZED GUINI 


PASSIVI SENSI 
A PIGS 
injection 


Rabbit 


Two hours afte il 
of l 0 of 
anti-BSA) one eye of each 


he \ 


intrape 


antibody rogen 


mg 
nal was chal 


itreous of 30 


lenged by injection into t 


ug of BSA. This experiment served a 


Fig. 6 (Silverstein and Zimmerman) px 
the corneal stroma of tl 
with BSA 


pig shown in Figure 1. (Hematoxy 


Diffuse 
passive 
corneal 


lin-eosin, «220 ) 
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Arthus kk 
The smaller challenging dose chosen 
this ade 
inflammatory 


the 


control for study of the active 


sions. 


for experiment was found to be 


quate in producing a severe 


response, presumably because titer of 


circulating antibody in the passively sensi 
which 


tized guinea pig was higher than that 


followed active sensitization 


The 


challenge in these eyes was almost identical 


clinical course foll ant 


owing 


to that in the more strongly reactive intra 


peritoneally sensitized animals 


hours there w: mild chemosis and liml 


is 


injection but little intraocular 


respe 
24 hours there was a well dé veloped ket 


titis (fig. 6), severe chemosis and intens« 


iridocyclitis (fig. 7). Petechial hemorrhages 


in the iris were more frequently 


this group than in any of the other 


ments. Microscopically, the overall picture 
dissimilar quantitatively from that 


was not 


seen in the active Arthus lesions. However: 


in all of the passive lesions the polymorpho 


nuclear leukocyte was more abundantly ey 


dent, round cells prising only a very 


\s 
Arthus lesions, identi 


minor part of the histologic pictur in 


the case of active 


lonucieatl CukK 


Arthus-sensitized guinea pig Y-2 24 hours after intravitreal challe: 
Observe the sin irity t the | i 


tratior in ve ype 


thre: 
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intense 


lely 


hable thrombo wa rally absent in — lay the inflammatory response upon intra 


these eyes dermal skin test challenge as usually per 


(other characteristics of this process 

ire discussed at length elsewhere).* ** Since 
role of immunological hypersensiti\ delayed hypersensitivity has classically been 
nechanisms in the production of oculat identified with bacterial infections and bac 
has been sidered since early in _ terial antigens, it was also postulated that 


present century It has not always’ the etiologic agents responsible for these 
been clear, however, which of the immuno cases of acute, sterile uveitis were bacterial 
logical mechanisms known to * inflan 1 origin. Che process 1s indeed often re 


esions mig mtribute to the patl f . as “microbiallergic.’ 


matory 
genesis of a giv di e process. This has Waksman and Bullington" have shown 


been especially true of unogenic uveitis that a condition similar to acute nongranu 


and endophthalmitis en | is known  lomatous uveitis may be induced by simple 


with certainty of the nature o » etiologi protein antigens in their study of the passive 
agents which stimulate these hyper itivit) \rthus reaction in the rabbit eye. In this 
conditions ise, evolution of the lesions was unequiy 
A mechanism of delayed bacterial hy ocally based upon the interaction of protein 
sensitivity, akin to tha ving rise » antigen with circulating antibody, since the 
tuberculin reaction, has been sug; itization was achieved passively with 
the factor responsible for the inflammation hyperimmune antiserum 
of nongranulomatous u is 1 Thi We have extended the observations on the 
immunologic process has been characterize: production of immunogenic endophthalmitis 


by its lack of dependence upon conventional with si , bland protein antigens, on the 


circulating antibody a1 temporal de one hand | a mechanism involving the 


° 
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Arthus phenomenon and mediated by cir 


culating antibody, and on the other hand 


by a delayed-hypersensitivity mechanism. 
Guinea pigs made delayed-hypersensitive to 
Ea or BSA were challenged with small doses 
of the homologous antigen (3.0 pg.) in 


jected into the vitreous. Animals rendered 
tuberculin-sensitive were used for compari- 
son. During the first few days, the clinical 
and histologic responses in the two groups 
of delayed-hypersensitive animals were 
qualitatively and often quantitatively indis 


both 


hours, and developing to a peak at 24 to 48 


tinguishable, starting within a_ few 


hours In both instance s, the histologic reac 
tion was predominantly a mononuclear in 


the ocular tissues, with poly 


filtration of 
morphonuclears playing a minor role. Only 
in the cornea was the polymorphonuclear 
leukocyte the principal cell type 

In guinea pigs rendered actively sensitive 
anti 


by intraperitoneal injection of protein 


sensitive by 


gen, or passively y injection of 
hyperimmune serum containing antibody, 
the clinical responses were essentially similat 
to one another, and also to those observed in 
animals. Again, 


yf diffuse kerati 


the delayed hypersensitive 
there were varying degrees « 
icute 


tis and the typical picture of an non 


granulomatous iridocyclitis with inflamma 


While 


petechial hemorrhage was a somewhat more 


tory involvement at the optic disc. 


consistent clinical finding in the Arthus-sen 
sitized animals, its absence in many of these 
and its presence in the occasional delayed 
hypersensitive animal deprived it of diagnos 
tic significance 


We feel that 
trol of the degree of sensitization of the 


with a more adequate con 


animals in the different groups, severe iritis 


without any hemorrhage at all could have 


been achieved in every case. Even the tem 


did not 


poral development of the lesions 


provide a basis for choosing between the 
mechanisms involved. In all cases the reac 
tion started only after several hours, reach 
peak of response at 24 to 


ing an apparent 


48 hours. The initial lag may be ascribable 
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to the slow escape of antigen from the vitre 


‘** while the similarity in timing of 


ous,’ 
the 


scribed in response to skin testing of animals 


maximum reaction has often been de 
sensitized by these techniques. 

Only histologically was it possible to dif 
ferentiate the delayed-hypersensitivity re 
sponse and the antibody-mediated reactions 
It was consistently observed that the mono 
nuclear cell characterized the responses of 
the delayed-hypersensitive guinea pigs, both 
to PPD and to i 


trariwise, the polymorphonuclear leukocyte 


the protein antigens. Con 


active 


played the dominant role in both thx 
and passive Arthus responses. It is signifi 
cant, however, that in the case of the active 
Arthus sensitized animals, the polymorpho 
nuclear response appeared to be superim 
posed upon a mononuclear component. In 


* 


the passive Arthus lesions,* while there were 


some round cells in evidence, these were rela 
and Gell 


tively few. Gell and Hinde** (ref 
17) 


response is typical of the delayed hypersensi 


have suggested that the mononuclear 


tivity lesion, while the polymorphonuclear 
the 
They interpret the mixed 


inflammation is seen in acute 
Arthus 


response seen in the active Arthus situation 


passive 


reaction 


as a superposition of the polymorphonucleat 
component elicited by antigen-antibody in 
teraction upon a delayed hypersensitivity 
component, characterized by the presence of 


suggest 


mononuclear elements. Thus, they 
that the lesion in the actively sensitized ani 
mal may be pathogenetically a complex of 
responses. 

It may be significant that the subsiding 
reaction in those animals rendered delayed 
hypersensitive to protein antigens is one 
his, 


of extensive plasma cell differentiation 


* While we 


ner 
experience 1 no difficulty 
sensitized guine: 


Waksmatr 
Arthus 


ar inflammation in passively 


as described briefly in 
1 Bullington™ in their study of the 


iSSIV¢ 


were 


response in the rabbit eye, indicated that they 


unable to produce this phenomenon 
g. A more extensive 
Arthus reaction in the 


and will be described in a subsex 


investigation 
guinea pig eve is in progres 


juent paper 


ur 
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in all probability, is indicative of an apprec 


iable level of local antibody production 


While the active Arthus lesion results also in 


a wholesale differentiation to plasma cells, 


Gell’? points out that thi observed in 


bacterial hypersensitivity lesions, such as the 


tuberculin reaction, in which case there 


seems to be a block in the differentiation of 


mesenchymal ce There is 


only very seldom the rtunity to examine 


lar tissues in tl irly phases of 


human ocu 


nongranulomatous uveitis, but we have ob 
f inflamma 


served in the later these 


stages 
that there characteristically is an in 
diffuse 
iary body by 


Another int int in the 


study is the observation tl 


trons 


tense infiltratio ind cil 
present 
it a diffuse kerati 
tis may accompany uveitis produced by the 
antibody-mediated nechanism as 


a delayed hypersensitivity mech 


; 


appearance f tl I | l iS 


relatively early 
well as its 
massiveness, 
manifestation 


Chis 


long 


flammatory process in the uveal tract 


observation 1s surprising has 


een Keratitis 
induced 


tnat 


assumed 


in the avascular cornea 


REF! 
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only in response to antigenic challenge in a 


delayed-hypersensitive animal. 
SUM MARY 


1. Endophthalmitis has been produced in 
he guinea pig by two distinct immunologic 


mechanisms: (a) delayed hypersensitivity 


and (b) antigen interaction with circulating 


antibody Chere ippears to be no clear cut 


basis for distinguishing clinically the ocular 

inflammations produced by these two patho 
genetic mechanisms 


) 


Acute nongranulomatous uveitis due to 


1 state of delayed-hypersensitivity may re 


sult, not only fron nicrobiallergic” proc 


esses involving bacterial antigens, but also 


is a consequence of rculin-type hyper 


sensitivity to such simple bland protein ant 


gens as crystalline egg albumin or bovine 
serum albumin. 

3. Some of the immunologic and ophthal 
mologic implications of these experiments 
have been discussed 
| Path 


rces Institute 
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very interesting t 
the primary 
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from the beginning to the end. I 
generalize that at a certain time the 
the antigen- 
the round-cell infiltrate typi 
rsensitivity 


that there is any 
pathognomonic 


t think one can say 


or anything 


se lesions. This is certainly 


ne takes a lesion 


hink one may 


lymorphonuclear leukocyte typifies 


intibody reaction, and 


he de reaction 


rtail with respect to the epithelioid cells, I 
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persensitivity reaction 
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INTO THE VITREOl 
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n, L/A 


cal of an inflammatory reaction. We 


signs 
h ive, however, observed histopathologic evi 
dence of a ré sponse to the small doses (0.05 


to 0.10 mg.) of as well as to the 


antigen 


dose (1.0 mg.). The tissue reactions 


observed in eyes receiving these doses of 


crystalline egg albumin will be described in 


this paper. 


MATERIALS AND METHODS 


EXPERIMENTAL ANIMALS 


lbino New Zealand rabbits weighing 2. 
\ N Zealand rabbit gl 2.0 


> 


5 kg. were used. They were fed purina 


} 
DD 


it chow. All eyes were examined before 


for yresence of pre-existing disease. 


lwo times recrystallized egg albumin 


( Wor Freehold, 


New Jersey lot #542) was employed for 


thington Biochemical Corp., 


most of the experiments 
a 1% 
Seitz filtration, distributed in small ali 


Chis was prepared 


solution 1 


is 


n isotonic saline, sterilized 
by 
juots and stored at without presery 
ative. Appropriate dilutions of the thawed 
solutions were then prepared immediately 


} 


vefore use with steril saline. 


INTECTIONS 


Che injections into the vitreous were made 


ifter anesthesia with 0.5 percent tetracaine 


P| them, that is, at the ver mset of the re | 
mt the eves lat think we could ibout any of tl 
known, with respect to wing in po 
mediate r delave nerse the Arthus 
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terial that we had. So, one k at the right layed hy ees 
time 
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hydrochloride. The eye was fixed by gently 
grasping the sclera with forceps, and the 
downward. A sharp 27 


eye rotated gauge 


needle was then inserted at a slight angle 
backward at a point about two mm. behind 
the corneoscleral junction, so that the needle 
path would go through the pars plana of the 
ciliary body. With a further 


the needle backward, it was possible to avoid 


slight angling of 


perforating the posterior lens capsule, and 
0.1 ml. of solution was injected slowly into 


the center of the vitreous. The amount of 


material which exuded from the injection 


site after removal of the needle was slight, 


and on only two occasions was a transient 
subconjunctival bleb observed. In the present 
experiments the second eyes were not in 


jected. 


(JBSERVATIONS 


Che eyes were examined daily. The more 


severe reactions, including perilimbal injec 


tion, iris hyperemia, precipitates and fibrin 


in the anterior chamber, and distortions in 


the pupillary margin of the iris due to pos 


terior synechias were recognizable to the un 


aided eye Phe slitlamp was also used to 


observe earlier and less marked changes in 


the cornea, iris and anterior chamber, and 


the ophthalmoscope for in the 


pos 


terior segment. Representative eyes were 


intervals ranging from three 


enucleated at 


hours to 64 days after injection and used 


for histologic examination. Initially the 
formalin-fixed eyes were opened in the verti 
cal plane in an effort to obtain sections con 
taining the more abundant exudate usually 
present in the inferior angle of the anterior 
chamber. Subsequently the horizontal plane 
was utilized to better observe the formation 


of exudate along the inner surface of the 


retina. In the rabbit retina only the hori 
vascularized, the re 


Thus in 


vessels 


zontal meridian is 


mainder iS avascular vertical sec 


tions the only retinal observed are 


those at the optic nerve head. All eyes were 


fixed in aqueous formalin, imbedded in 


paraffin, sectioned at 5.0 to 7.0 microns 
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thickness, and stained with hematoxylin and 


eosin 


HISTOPATHOLOGIC OBSERVATIONS 


A. INTRAVITREAL INJECTIONS OF 1.0 MG 


CRYSTALLINE EGG ALBUMIN 


Rabbits were killed and the eyes examined 
macroscopically and microscopically at the 
following intervals after a single intravitreal 
injection of 1.0 mg. of crystalline egg 
3 and 24 hours, 3, 5, 7, 8, 11, 1: 


bumin 
15, 21, 28, 35, 49, 57 and 64 days. One t 
five eyes were examined for each of these 


Chose killed before 


the seventh day had shown only a 


time intervals rabbits 
mild 
transient nonspecific reaction to the trauma 


Those 
eight days had just begun to exhibit clinical 


of injection obtained at seven and 
manifestations of the specific inflammatory 
llth to 13th 
day represent the subsiding clinical reaction 


Three hours. A pro 


teinaceous exudate could be seen adhering to 


Those taken after the 


pre cess. 


small amount of 


the corneal endothelium of the inoculated eye 
of one rabbit but not in that of the other. No 


inflammatory cells were observed in the an 


terior segment of either, but in one there 


were a very few polymorphonuclears and 


monocytes in the vitreous adjacent to the 


optic disc. 


Twenty-four hours. An acute inflamma 


tory reaction with thrombosed vessels was 


observed at the injection site in the sclera 


Limbal hyperemia and the formation of 


inflammatory pannus were evident In 


of the two injected eyes and a very small 
amount of proteinaceous exudate was pres 


ent in the aqueous of one. Very few inflam 
matory cells 


were seen in the anterior seg 


ment but some polymorphonuclears, lympho 


cytes and monocytes were present I 


posterior vitreous along the retina and 


front of the. disc 
Three day At 


was still an acute inflammatory 


the injection site of one 
animal there 
reaction with thrombosed vessels. The other 


mild 


rare polymorphonu 


rabbit's injected eye revealed a very 


limbal reaction with 


EXPERIMENTAL OCUI 


clears, lymphocytes, and plasma cells. An 


occasional blood vessel was obs¢ rved in the 


peripheral cornea but there was no signifi 


cant cellular infiltration are lymphocytes 


and monocytes were present In the anterior 


and posterior chambers, adhering to the iris 


and to the ciliary There were 


processes 


focal hemorrhages along the inner surface 


of the retina and these were 


infiltrated by 
Phe 


posteriorly 
polymorphonuclears 
choroid 


heavily 


and monocytes was not re 
markable. 
Five days. Of the five injected 


ined, 


eyes eXam 
one 


the 


revealed no limbal reaction, 


mild 


there was 


one 


presented a inflammation, and in 


other three er intense infil 


tration by tightly packed undifferentiated 
mononuclears and some polymorphonuclears 
per 


an inflammatory pannus Few 


which extended into the ipheral cornea as 


blood ves 


sels and polymorphonuclears extended into 


the peripheral cornea 
lymphocytes 
were observed in the 


iched to 


four of these eyes. Occ 


an 


and monocytes 


terior chamber angk the 
iris surface 
In the two eyes which exhibited the 


limbal 


were also mononuclear 


most 


intense and corneal reaction ther 


Itrates in the iris 


stroma (fig.1). Some o hese cells appeared 


lymphocytes witl absent 


esent | dark 


cytoplasm. Others pr 
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round nucleus eccentrically situated in a 
more abundant, basophilic cytoplasm sugges 
tive of plasma cell differentiation. Still other 
cells presented monocytoid features. 

The same two eyes which presented the 
iritic lesions also revealed moderately intense 
mononuclear infiltration of the vitreous 
\gain the cell 
though in the vitreous there were greater 


same types were present, 
numbers of large mononuclears, many of 
which were differentiating as macrophages. 
On the surface of the optic disc there was a 
infiltration 


dif 


moderately intense round cell 


? 


(fig. 2); some immature and a few 
ferentiated plasma cells were present. 

Similar infiltrates in the vitreous along 
the inner surface of the retina were observed 
in the other three eyes but in these the reac 
tion was minimal. No choroidal lesions were 
observed. 

Seven days. Both of the injected eyes re 
vealed an intense limbal reaction and forma 
tion of an inflammatory pannus (fig. 3-a). 
[he limbal infiltrate was mononuclear with 
many plasma cells in various stages of differ 
entiation. The peripheral cornea was invaded 


bl 


morphonuclears 


and infiltrated by poly 


There 


and no proteinaceous exudate in the anterior 


by vessels 


were very few cells 


chamber. 
The iris of one eye was heavily infiltrated 


by mononuclear cells while that of the other 


om 
Fig. 1 (Z ~ M » ta the ¢ Ewe dave aft 
intr itt ryst ne | ( tox n-eosi! $50.) 
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injected eye was very lightly infiltrated. 


Where the mononuclear infiltration was most 
intense the iris stroma was thickened almost 
two-fold. The infiltrating mononuclear cells 
included both small round cells and large 
monocytoid and fibroblastic elements. Many 
were immature plasma cells and some well 
differentiated plasma cells were also present. 
An occasional focus contained cells with 
bilobated nuclei and intensely eosinophilic 
cytoplasmic granules. 

There was remarkably little reaction in the 
ciliary body and the anterior vitreous con 
tained very few cells. Posteriorly there was 
a moderately intense mononuclear infiltra 
tion along the retinal vessels and over the 
surface of the optic disc (fig. 4-b). Consider 
able infiltration of the opsterior cortical vitre 
ous was also observed. Large and small 
cells both contained hyperchromatic nuclei 


Fig. 2 (Zimmerman and Silverstein.) Mono Some were differentiating as macrophages 


nuclear infiltration on surface of optic disc—rabbit 


26N, five days after intravitreal injection of 1.0 mg , 
320.) cells. These cells also infiltrated the inner 


while others presented features of piasma 


crystalline egg albumin. (Hematoxylin-eosin, 


Fig. 3 (Zimmerman and Silverstein). (a) An intense mononuclear infiltration is observed at the 
limbus of rabbit 32N, seven days after intravitreal injection of 1.0 mg. crystalline egg albumin. (b) There 


is no significant reaction at the limbus of rabbit 36Q, seven days after intravitreal injection of 0.05 mg 
crystalline egg albumin. ( Hematoxylin-eosin, x 50.) 
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1). (a) Very little reaction is observed at the optic disc of rabbit 


nuclear infiltration on the 


surface of the 


optic disc of rabbit 32N. 


ure 3. (Hematoxylin-eosin, x 50.) 


most layers of the nerve head and adjacent 
retina. In one of the rabbits the orbital fat 
adjacent to the optic nerve contained many 
foci of lymphocytic infiltration 

Eight 


amined revealed a much more intense inflam 


days The only injected eye ex- 


matory reaction in all of the affected ocular 


tissues as compared with those from the 
seventh day. The corneal involvement ex 
tended further into the central area. Sero 
sanguineous exudate filled the anterior cham 
ber and organization of a blood clot was tak 
ing place in the inferior angle 

The iris was massively infiltrated by large 
hyperchromatic mononuclear cells, lympho 
cytes, and plasma cells in various stages of 
differentiation. In places the posterior layers 
of the iris were more intensely affected than 
the anterior and the inflammatory cells were 
migrating through the epithelium into the 
posterior chamber. Many clumps of these 
cells were present in the posterior chamber, 
on the lens capsule, in the zonule, and in the 
vitreous. The ciliary body was only slightly 


affected and the anterior choroid uninvolved. 

Posteriorly there was very intense infiltra- 
tion of the nervehead, adjacent retina and 
cortical vitreous. Moreover, there was a re- 
markable degree of choroidal thickening as 
a result of intense infiltration by tightly 
packed, hyperchromatic small mononuclear 
cells (fig. 5). Degeneration of the visual cells 
adjacent to this choroidal lesion was ad- 
vanced. 

Eleven days All three of the injected eyes 
revealed an intense mononuclear limbal re 
action with distinct evidence of plasmacytoid 
differentiation of the round cells. Capillaries, 
monocytes, and polymorphonuclears invaded 
the peripheral cornea. One eye revealed 
much serous exudate and some cells in the 
anterior chamber. 

In all three the iris was diffusely infil 
trated by mononuclear cells, many of which 
were plasma cells in varying stages of matu 
ration (fig. 6), but a similar reaction was ob- 
served in the ciliary body of only one (fig. 


7). This eye also revealed a more extensive 
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5 (Zimmern 
uclear inhiltratior 
ifter intravitreal 


eight days 


crystalline egg albumir 


305.) 


migration of monocytes and lymphocytes into 
the vitreous anteriorly as well as posteriorly 


All three 


mononuclear 


many large and small 


led 
reveaied 


ls of the disc 


cells about vesst 
and retina. Some exhibited macrophagic or 
fibroblastic differentiation while others pre 


sented plasmacytoid features. The one eye 


1 


which exhibited the more diffuse vitreal 


action also contained several unusually larg: 


aggregations of monocytic cells attached to the 


inner surface of the retina. One of thes ap 


peared to be forming a tuberculoid granu 


loma for there was a small central focus of 
necrosis and the surrounding cells were fus 
ing and differentiating as epithelioid cells 
(fig. 8) 

Special stains for fungi and bacteria, in 
cluding gram and acid-fast stains, disclosed 
no microorganisms. Two of the eyes con 
tained small focal round cell infiltrates in the 
choroid and in one of these there were small 
accumulations of serous exudate between the 
choroid and retina 

Thirteen days. The one injected eye ex 
amined on the 13th day revealed essentially 
most 


the same changes as observed in the 
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markedly inflamed of the three eyes ex 
amined on the 11th day except for the ab 
sence of granulomatous nodules on the inner 
surface of the retina. 

injected eye ex 


Fifteen days. The on 


amined revealed a subsiding limbal reaction 


filled with 
The iris and ciliary body 


cells 


present, particularly over the surface of the 


but the -anterior chamber was 


serous exudate 


were somewhat less cellular but the 


ciliary processes, were almost all 


plasma cells (fig. 9). In the vitreous and 


along the inner surface of the retina there 


were many large mononuclears and 


tered lymphocytes but few plasma cells 


few agglutinated masses of large mononu 


clears, resembling the “‘mutton-fat kerati 


precipitates” observed in uveitis of man wert 
attached to the retina. Several areas of round 
cell infiltration were observed choroid 


dation beneath the 


were associated with mild serous exu 
retina and marked degen 


eration of the outer 


differentiation 
rabbit 61L, 
1.0 meg 


eosin «305 
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which were a few plasma cells. Degeneration 
of visual cells was restricted to the retina im 
mediately adjacent to the disc but no cho 
roidal infiltrates were seen. 

U'hirty-five days. The one injected eye ex 
uned revealed a very light mononuclear in 
ration, chiefly by plasma cells, in the lim 
bus, iris, and ciliary body. Serous exudate 
occupied the anterior chamber. Mononuclear 
of all types, including plasma cells 
lightly infiltrated the vitreous. An edematous 
scular membrane infiltrated by plasma 
| about the dis« (on 
mbrane produced fixed 
etina (fig. 10) \ 

rous exudate 

posteri 

No choroidal lesions were observed 
lays Che ti *s of the an 


Twenty-one vs. The one inject -re t r segment were essentially normal 


limbal reaction though the anterior chamber 
was filled with serous exudate. Only a very 
few mononuclear I] efly plasma cells, 
were observed in the iri id ciliary body \ 
greater concentration of th lls covered 
the ciliary processe nd infiltrated the vitre 
ous base from the pl ina Deeper in the 
vitreous the cells were mostly monocytes, 
Tat rophages, and 

riety of small and 

covered the optic dis 

In luded were some exhil 

differentiation and occasional mature plasma 
cells. Round cell infiltration was also ob 
served in the parenchyma of retina im 
mediately beneath its inner surface about the ~~ 
disc. No choroidal infiltrates were observed 
but there was advanced denegeration of the 


visual cells, especially posteriorly 


Twenty-eight days. The only injected eye 


examined had exhibited very minimal in 
flammation clinically. Microscopically the an a 
terior segment appeared virtually normal and 


no exudate was present in the anterior cham 
ber. There was mild gliosis of the optic disc 
and its surface contained a light infiltrate of of 1.0 me crystalline coe (Hen 


large and small mononuclear cells among 
£ 


+54 
the retis I re ( 
6 7 Hematox 
but 
small and large mononuclear 
; including sor plasn i cells, were still 
toxylin-cosin, x 450.) 


AR HYPERSENSITIVITY 


/ 


Except for a rare round 


present in the 


were present f the ciliary processes, 
surface of this diss he retina a it t the rio! m \f the one injected eye 
disc reve iled modet li 6th ip area unl! ime was a moder 
nerve fiber layer ound cell infiltra 
visual cells. Occa most of the 
sis and round cell small 
served away fro glial pro 
roidal infiltrates into the 


(ENTAL 45 
/ 
a 
‘ b 

rabbit 52M. five 11 toxyliz 


456 LORENZ I 


vitreous was evident in several places and 
similar changes were observed on the disc 
Adjacent to the disc on one side the retina 
was folded inward and its outer layers ex 
hibited 


choroidal infiltrates were observed. 


severe degenerative changes. No 


Sixty-four days. Rare plasma cells were 
present at the limbus, in the iris root, and 
along the inner surface of the ciliary pro 


g 
The vitreous was clear. Perivascular 


cell 


retina, but this was light and not associated 


cesses 


round infiltration was observed in the 


with as pronounced a degree of fibrovascular 


proliferation as was observed at 57 days. 
The 


and virtually no degeneration of its 


cells No choroidal lesions were 


retina exhibited only minimal gliosis 


visual 


observed 


B. INTRAVITREAL INTECTIONS oF 0.05-0.10 


MG. CRYSTALLINI ALBUMIN 


EGG 


Rabbits were killed and one or two pairs 
of eyes were taken for macroscopic and mi 


examination at the following inter 


CTOSCODIC 


vals after a single intr: injection of 


0.05 or 0.10 mg. crystalline egg albumin: 1, 


7 11, 15, 18, 


4.346 7,8. 20. 23, and 30 days 


Clinically these eyes were considered to be 


“nonreactors” exc pt for the rabbit killed on 


the 20th day. This rabbit had shown a mild 


ciliary flush and aqueous flare beginning on 
the 17th day 


One day. There were a very few round 


cells at the limbus but the anterior segment 
and vitreous were otherwise free of inflam 
exudate. The preretinal 


capillaries were engorged and small numbers 


matory cells and 
of lymphocytes and monocytes were present 


The 


loose connective tissues covering the optic 


immediately adjacent to these vessels. 


disc appeared slightly more cellular than 
normal, the responsible cells being mostly 
lymphocytes. 


Two days Che re 


of mononuclears, mostly lymphocytes at the 


was an increase number 


limbus but only a rare was ob 
served in the iris root. The 
remarkable. A 


and 


monocyte 
anterior segment 


was otherwise not very few 


polymorphonuclears monocytes were 


present in the vitreous. The preretinal hy 
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peremia and exudation of mononuclears was 

slightly advanced than on the preceding day. 

A small amount of proteinaceous exudate 

was present beneath the retina in the mid 

periphery. 
Three days 


tissues of the 


he changes observed in the 


anterior segment were not 


significantly different from those noted 


earlier but posteriorly there was a complete 
absence of inflammatory reaction 
Four to The tissues of the an 


terior and posterior segments revealed about 


six days 
the same degree of inflammatory reaction 


as on the first day. 


Seven days. Almost all inflammatory cells 


had disappeared from all sites (figs. 3-b and 
4-a). 

Eight days. In one of the two eyes injected 
there was a mild diffuse increase in cellular 
ity of the iris, especially in its deeper layers 
where a very light infiltrate of mononuclear 
In the other there was a 


cells, 


of which were moderately well-differentiated 


cells was observed 
mild exudation of mononuclear some 
plasma cells, along the preretinal capillaries 
Eleven days. There was no significant in 
flammatory reaction anteriorly. Posteriorly 
the preretinal capillaries were markedly con 
gested but there was minimal exudation of 
inflammatory cells. The vitreous and connec 
tive tissue in front of the disc were remark 
ably free of cells. 
Che anterior and 


Fifteen days segment 


the vitreous were generally free of inflam 
matory reaction (fig. 1l-a). The only signifi 


cant increase in inflammatory cells as com 
observed in 


1] b) Here 


infiltrate of 


Stages was 


pared with earlier 


front of the nervehead (fig 
there was a moderately dense 
mononuclear cells, mainly in the connective 
tissue in front of the disc. Lymphocytes and 
monocytes predominated but there were also 
many immature and some mature plasma 
cells and fibroblasts (fig. 12). Some capillary 
proliferation was also evident. The tissues of 
the nervehead were slightly infiltrated by 
round cells. No choroidal infiltrates were ob 
served. 

There were very few 


Eighteen days 
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round cells in 
was not re 


ide contair 
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her 
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moderate n 
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T 
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15th day, 
pl 


he 


not contain polymory 


Tur nity days 


action involv 
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iorly. The lit 


trated with lymphocytes 


An 


the cornea, 


cytes infiltrated far 


anterior chamber 


ing 
the 
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inflammatory 


and 


Chis eye 
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eye 
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1 
t} 


itt 
il 
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the 


body on one 


and 


of lympho 


I 


onocytes and 


ne adjacent 
nflammatory 
| 
except 
onuclears in 


lg the central 


nfiltrates did 


d from the 
low-dose 
natory reé 
tissues and 
ind poste! 
heavily infil 
la cells 
xtended 
leuko 
ral The 
serous eXu 


area 


inflammatory cells in 
di Both fields 
in. (Hematoxylin- 


I ific ant infiltr tic n of 
opti 


albur 


iany clumps of monocytes and 


date and n 
polymorphonuclear leukocytes were adherent 


corneal endothelium, The thickened iris 


heavily and diffusely infilterated by 
, especially in the deeper stromal 


The cilia processes revealed similar 


ry 


changes and large numbers of plasma cells 
being discharged into the posterior 
chamber, onto the zonule, and into the vitre 


were 


ous. There were several very dense accumu 
l mononuclears and poly 


f 


ations ol! large 


morphonuclears within the vitreous. Some « 


these were partially surrounded by prolifer 


ating fibroblasts. 
[he preretinal vessels which were cuffed 


y dense accumulations of large and small 


by 
also contained similar cells 


mononuclears 
within their lumens. They also exhibited ad 
ventitial proliferation of fibroblasts. The re 


action was most intense in front of the 


nervehead where many mature plasma cells 


and occasional polymorphonuclears were also 
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12 (Zimmerma 
held shown in Fi 
mononuclear infiltr 
plasma cell 


ferentiation, and fibrobla 


monocytes, 


observed. These same cell types infiltrated 


the nervehead, leptomeninges, und choroid 
immediately adjacent to the disc 

A thin serous exudate was present beneath 
the recently detached retina posteriorly but 
there was no significant degeneration of the 
visual cells. 

Twenty-three days. There was a very light 
infiltrate of lymphocytes and plasma cells at 
tissues were 


T he 


the limbus but the intraocula: 


free of inflammatory reaction retina 
was in place but adjacent to the disc there 
were degenerative changes in the visual cells 

Thirty days 
tissues were lightly infiltrated by lympho 


Che limbal and anterior uveal 


cytes and plasma cells. A more marked mon 


onuclear reaction was present posteriorly 


along the retinal vessels and on the surface 


of the optic disc. Exudation of large and 


small mononuclears and proliferation of 
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fibroblasts were also observed in the poster- 
ior vitreous. Mild degenerative changes in 
the visual cells and a small focal buckling of 
the outer retinal layers were present im 


mediately adjacent to the disc. 
USSION 


Foss’ and others? have postulated that 


which appears spon 


single in 


the “primary uveitis” 
taneously six to 14 days after a 
travitreal injection of antigen in rabbits is 
an anaphylactic reaction due to the presence 
of residual antigen within the eye and its in 
teraction with specific antibody. According to 
Foss,’ there is a constant incubation period, 
the duration of which is dependent on the 
specific qualities of the antigen employed, 
but not upon its concentration. 

Our own observations are not in complete 


agreement, for by 


lowering the dose of anti 
gen injected into the vitreous the incubation 
period is lengthened, the intensity and dura 
tion of the clinical reaction lessened, and the 
percentage of animals reacting reduced. In 
spite of the lack of clinical response to small 
doses (0.05-0.10 mg.) of crystalline egg al 
bumin injected into the vitreous, the eye does 
become sensitized and will respond to a sec 
ond challenging dose of antigen administered 


intravenously or intravitreally.*. Further 
more, we have been able to confirm the ob 
servation made by Schlaegel and Davis’ that 
there is histopathologic evidence of a late in 
flammatory response even in those rabbits 
which do not exhibit clinical manifestations 
of “primary anaphylactic uveitis.” 

The 


after intravitreal injection of a single 1.0 mg 


histopathologic changes observed 


dose of crystalline egg albumin, during the 


first few days, consist of a mild, nonspecific 


acute inflammatory reaction followed by sub 
sidence and relative quiescence. At about the 
fifth day, just before the onset of a clinically 
impressive uveitis, the limbal tissues begin to 
exhibit increasing infiltration by mononu 
clear inflammatory cells. Polymorphonuclear 
leukocytes and capillaries extend into the 
rhe iris, and 


peripheral cornea vitreous, 
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be Pin TO be 


l infiltrated 


preretinal tissues also 


by mononuclear cells 

At first these mononucl 
be lymphocytes, monocytes, and undifferenti 
ated mesenchymal cells. During the next few 
days they increase greatly in number and in 


cytologic variation. Some become macro 


phagic and contain particles of phagocytosed 


debt 1S 


elongated processes and ippeal to be differ 


in their cytoplasm Others develop 


entiating as fibroblasts. Still others acquire 


an abundant basophilic cytoplasm, an eccen 


trically situated nucleus, and a paranuclear 


pale staining cy oplas1 lo characteristic 


ll differentia 


the 


of plasma cells. Such pl 


most obvious limbus, in 


tion 1S 
deeper layers of the i, along the 


processes, 


epithelial surface 
the immediate vicinity of etinal capi 


mesenchymal tissue 


and in_ the 
front of the optic disc 


Che 


peak during the 


laries, 


inflammatory reaches its 


second w ifter injection 


subsid During 


and gradually 


the height of the reacti n ne of the 


eyes, agglutinated mass« large mononu 


clear cells form in eous, on the inner 


surface of the retina and on the pupillary 


utton-fat ker 


atic ipitates”’ observes granulomatous 


prec 


uveitis of man while which are larger 


developin nto tuberculoid 


Also obser oc 


round cell in 


appear lt be 
granulomas asionally at 
this time are and 
filtrates 1 iated with serous 


exudation beneath the adjacent retina 


During the third week and thereafter, the 


ammatory reaction ind most of 


the tissues gradually are return to a nor 


mal ppearanc nall collec 


IcroOscopK a 


tions of plasma cells in the limbus, root, 


iris 


over the processes bout the pre 


the 


ciliary 


retinal vessels, and on the rvehead are 


last to disappear and Ca ill be observed 


nine weeks 


In addition to the reversible « rly changes 
resulting from increased vascular permeabil 


ity, exudation and proliferation of inflamma 
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tory cells, there are secondary irreversible 
alterations in some eyes, particularly in the 
posterior segment. Exudative detachment of 
the retina with degeneration of visual cells 
may be seen in juxtaposition to the choroidal 
infiltrates. Later the formation of an inflam 
matory membrane along the inner surface of 
the retina leads to thickening and opacifica 
tion of the retina. Contraction of this mem 
brane produces fixed folds and permanent 
Associated 


preretinal alterations are 


retinal detachment with these 


lesser degrees of 
intraretinal inflammation and gliosis. Gliosis 
of the nervehead may be marked. Thus even 
though the eye externally and anteriorly may 
appear to have returned to normal, the vitre 
ous, 


retina, and optic nervehead may become 


irreversibly damaged. Such permanent 


however, seem to occur only in 


changes, 


those eyes which have exhibited a more 


severe clinical reaction. 
The 


after 


histopathologic changes observed 


intravitreal injection of a single dose 


of 0.05 to 0.10 mg crystalline egg albumin 
consist of an early, very mild nonspecific re 
action to the injection. During the second 


week 


about the preretinal capillat ies By the begin 


mononuclear cells begin to appear 


present in 
but the 


ning of the third week they are 
modest numbers in front of the disc, 
pronounced anterior segment reaction and 
exudation into the vitreous observed in the 
eyes which had received the 1.0 mg. dose is 


generally lacking. There were two exceptions 
to this generaliza ion in the low-dose group. 
The rabbit killed on the 20th day had demon- 
strated a mild, late clinical response. It 
reac 
tion anteriorly The 


rabbit killed on the 30th day exhibited only 


showed microscopically an exudative 


as well as posteriorly 


very minimal arterior segment changes but 
posteriorly there was a moderate exudative 
ind proliferative reaction along the retinal 
vessels and in the cortical vitreous 

In comparing the microscopic alterations 
after small doses of antigen with those ob 
served after 1.0 mg. we note differences in 


time of onset, intensity of reaction, and site 
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of activity. With the small dose, the incuba- 
tion period is lengthened, the mononuclear 
cell infiltrates appearing only after the first 
week. The reaction is typically very mild and 
confined to the preretinal and nervehead cap 
illaries (figs. 11, 12, and 13). Most striking 
is the negligible uveal involvement (figs. 3 
and 14), the absence of exudation into the 
ocular chambers, and the lesser degree of 
corneal reaction. Significantly, in both the 
large and small dose groups the reaction is 
principally mononuclear and with time a 


large proportion of the cells present typical 


cytologic features of mature plasma cells. 
The cornea, however, is the only tissue in 
which polymorphonuclear cells are conspicu 
ous. 

It is of some interest to speculate on the 
responsible for 


immunologic mechanisms 


this “primary anaphylactic uveitis” as it has 


This name impli- 


been designated by Foss 
cates an immediate type of hypersensitivity 


reaction dependent upon circulating anti- 


Fig. 13 (Zimmerman and Silverstein) 


75L, eight days after the 1.0 mg. dose. (Hematoxylit 
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body. Some of our own earlier studies sum 
marized elsewhere** furnished additional 
evidence that both a sufficiently high titer of 
circulating antibody and a residual pool of 
unabsorbed antigen within the eye are re- 
quired to support a clinically evident reac 
tion. On the other hand, there is reason to 
conisder the participation of other immuno 
logic mechanisms in the pathogenesis of this 
syndrome. 

The 


logically in 


histo 


to be 


sequence of events observed 


studies would seem 
Gell 


Hinde® during the early stages of active 


our 


analagous to those observed by and 


Arthus sensitization—that is, what they have 


termed “progressive immunization reac 


tion.”* These investigators injected rabbits 
intradermally with human globulin at inter 
vals of two or three days, and followed the 
clinical and histopathologic changes which 
were produced by each Ive 

animal 


into the same The antigenic chal 


lenges were performed at varying stages 


(a) There is a very light perivascular i 
nuclear cells as compared with the more pronounced exudation illustrated in (b) 
ISP, eight days after intravitreal injection of 0.10 mg. crystalline 


rabbit 
albumin rabbit 
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during the development unologic re 


sponse, trom 


14 


the most mild ear 
the later full-blown Arthus react 


Gell and Hinde found “t 


ly response to 
on 

hat the earlier 
sorht 
ive 


Arthus rez 


iononuclear 


“tTiONS not, as n been expected, 
consist en 
the 
acteristic perivascular distributi The later 
] 


1esions, ited 


ict 
tirely of n char 
however, become compli the 


the 


exudative polymory 


appearan the reacting 
yhonucieat 


dat 


zone, of a mild 
by 


reaction accompanied age, 


which in turn 


increases 
tends over a wider area with each subsequent 
ill the fea 


Arthus 


injection, until the lesions show 


tures of the acute twenty-f hour 


as usually descr 


reaction 


hey interpret the mononuclear cell re 


sponse to the early inject f antigen as 


a manifestation of a del ypersensitivity 
component, appearing earlier than the strong, 


Arthus react 


uncomplicated by the superposition of a poly 


antibody-mediated mn, and thus 


morphonuclear exudate When, after further 


of rabbits as in Fig- 
while that in (b) 


115.) 


me pai! 
infiltration 


( Hematoxylin-eosin, 


injections, a good circulating antibody titer 
has appeare d, the typical acute Arthus lesion 
is seen superimposed on and often masking 
this mononuclear response. They assume, 
then, that both the antibody-mediated hyper 
sensitivity and a delayed or “tuberculin- 
type’ hypersensitivity contribute to the ulti 
mate Arthus lesions. Following the acute 
Arthus reaction “there is wholesale differen 
tiation to cells of the plasma cell series, until 
by seven to fourteen days the foci consist 
largely of mature plasma cells ; in the ‘tuber- 
culin-reaction,’ although some differentiation 
in the same direction occurs, it is not nearly 
sO widespr¢ ad nor complete.’ 

In our studies, the injection of antigen in 
to the vitreous has resulted in the formation 
of a depot, from which the antigen leaks out 
only slow ly over a period of some weeks.** 
During this period, the rabbit is slowly be 
ing immunized, so that at a time when sensi 
tivity is sufficiently well developed to sup 
port an inflammatory 


response, antigen 


which can effect this challenge is still resident 


461 
a 

— Ya, -- : 4 

Fig. 14 (Zimerman and 
ly infiltrated nonuclear cells, 
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in the eye. The possibility thus exists that the 
conditions of our experimental system are 
in effect those of a continuously stimulated 
progressive immunity reaction, so long as 
antigen survives in the vitreous. 

The inflammatory lesions which we ob 
served within the uvea, retina, vitreous, and 
ocular chambers were not unlike those de 
scribed by Gell and Hinde in the early stages 
of their developing immunity response. It 
was characterized by mononuclear cell infil 


a polymorphonuclear vas 


Arthus 


the “perivascular-island” 


trates, without 


However, 


culonecrotic component. 


distribution of 


these cells was conspicuous only about the 


optic disc and retina; in the limbus, iris, 


ciliary body and choroid, there was a more 
generally diffuse distribution 

The vasculonecrotic component described 
by Gell’ was not observed at any stage in our 
studies. This is, in all probability, best as 
cribed to the relationship existing between 
the rate of appearance of circulating anti 
body on the one hand and of disappearance 
vitreous on the other 


of antigen from the 


hand 

It has been shown that the dose depend 
ence of the Arthus response is such that ap- 
preciable amounts of both antigen and anti 
meet in order to incite a strong 


body must 


polymorphonuclear exudative _response.* 
After a single intravitreal injection of anti 
gen, the slow rise in antibody titer probably is 
Arthus re 


good 


insufficient to support a 
sponse at a time when sufficient antigen re 
mains in the eye. Conversely, when antibody 
finally appears in adequate amounts, the anti 
gen remaining at this time has probably been 
reduced to a level too low to support a typi 
cal Arthus reaction. This is borne out by the 
observation® that a second intravitreal injec 
tion of antigen at this time will lead to a typi 


] 


cal polymorphonuclear response 


[he cornea was the only tissue in which 
polymorphonucleatr leuko« yte S were conspic 
uous in the response to a single intravitreal 


This 


however, of questionable significance for 


injection of antigen. infiltration is, 
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we”** have observed an intense, diffuse poly 
morphonuclear infiltration of the cornea in 
guinea pigs challenged by intravitreal in 
jection of antigen after active and passive 
Arthus 
culin, and also in guinea pigs rendered de 


by 


1 
her 


sensitization, sensitization to tube! 


layed-hypersensitive to protein antigens 


the method of Uhr, Salvin and 


11 


Pappen 
heimer 


In considering the immunologic mecha 


nisms which may participate in the patho 


genesis of these lesions, we must conclude 


that at this time no one mechanism finds un 


equivocal support from all directions. In 


considering the temporal factors involved, it 
is obvious that the long incubation period 
after injection of antigen cannot contribut 


information in favor of either “immediate” 


or “delayed” hypersensitivity as the mecha 


nism involved 


On the one hand, the appearance of cit 
culating antibody at the time that inflamma 


} 


tion begins in the 1.0-mg. animals, and its ab 


sence or presence in only low titers 


non-reactive low dose anima 


gest a mechanism involving interacti 


antigen with antibody.* 


On the other hand, the histopathologic 


picture which we see is similar to that which 


Gell and Hinde® attribute to a delayed hyper 


sensitivity mechanism. They point out that 


the antibody-mediated immediate wheal and 


erythema response is one consisting primar 


ily of edema, while the antibody mediated 


Arthus reactior characterized by a pr 
dominantly polymorphonuclear response 


W en ay 


response in the rabbit eve to 


conclude that the inflammatory 
a single injec 
tion of crystalline protein into the vitreous 
is in all probability due to a complex of im 
late 


stage of local antibody production which is 


munologic events. In addition to the 
manifested by the plasma cell differentiation, 
these may include the wheal and erythema 
response, perhaps a modified type of Arthus 
response, and additionally a contribution by 


a delayed-hypersensitivity mechanism. The 


latter component must always be considered 


| 


in any lesion produced 


tized animal, although 


cipation in the 
Two additiona 


(1) 


that t 


‘al mechanisn 


experimental 


po 
raditionally 


anim 


} 


it 


present 


inflammatory responsé 


with antigen, 

ing responses n 
processes, such 


present stud 


thi 


the 


phy siologv of 


~ 


n 1; 
) od 


fv be 


cevel 


vathologic 
| g 


inflammatory 


abbi 


injections of 
series recelve d 


produced a « 


injected eyes after 


Phe 


eight days 


“small-dos« 


ypersel 


sitivity 


linical 


othe I 


+1 
nan 


response 


Dpasic 


NTAI 


actively sensi 


tent of its parti 


nee is unclear. 


lso be made 
immuno 


defined in th 


challenge 

ly develop 
iral disease 
ling with in 
my and 


such 


munogeni 


ved 0.05 or 
with one ex 


linically Sig 
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the intraocular reaction was _ principally 


mononuclear, but in the eyes given the small 


dose there was virtually no uveal reaction 


while those given the large dose exhibited 


pronounced iridocyclitis and chorioretinitis 


3. Although most <¢ 


in ases the inflam 
matory reaction was entirely nongranulo 
matous, a few eyes at the height of reactivity 


anulomatous lesions. 


oT 


exhibited 
} Complications were not observed in 
the small-dose series but in some of the eyes 


lar 


retinal 


injected with the e dose the following 


noted detachment, degenera 


yf visual cells, preretinal membrane 


fixed degenera 


1on 


tion of vitreous, ; oli f retina and 


opuc dise 


5. The spontaneous inflammatory re 


sponse observed in these eyes has been com 
1 


pared 


reac 
hc 
the 


mechanisms 


immunity 
Hinde.*? 


terms 


the pre 


wressive 


tion” described by Gell and 


lesions have been discussed in of 


fundamental immunological 
which might contribute to their pathogenesis. 
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in terms of the acut 
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y; (2) that the ee 
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Histopath og nave been 
made on eyes ngle intravitreal 
1.0 mg irge-dose’’) which 
ception, failed to provoke a 
nificant inflat re tior 
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DISCUSSION 


Dr. Seymour P. HALBERT 4 com he 1 ocess of removing 
paratively short time ago immu hypersensitivity l > molecul: “ight substances fron 
seemed like a relatively simp! yhenomenon. 7 iT ce ibody formatior 
has been a rapid expansion of knowledge in thi night be ar he use of not 
field in recent years, and the | I I 
appear more and more comp! 

All hypersensitive er alle 
specific and apparently a 
with the i ing agent. Mar 
quite variable depending upot 
the dosage, routs species, all rit nd Oo ' untibody re 


general, however, there are | hyper Maumenee 
sensitive response immedi ich ; al know if t 
and erythema re 
action anapl vlaxis: 
sponse, for example, 
losis or streptoco 
and so on 
These general classes 


several ways. The imme 


e 
incubation period. The immedia ea an be me escapes 


transferred by serum from a sensitive individual to i and 
a nonsensitive individual he | ype of 1 rption was 
action cannot. It cannot be unsferred 11 anterior 
it can be transferred by cert cell f the sensi idjuvants wl 
tive individual 
In addition, if one 
from an individual with the immediate > of response 
I the vitreous 


sensitive individuals the 
cells fron the sensitive 
We now realize t 
tions are 
number ¢ re fur n nist in the hypersensitive 
devel i ue | , and that many | nistrations 
Dr. A 
raised for t betwee 
for the applicatior 
attempts to unravel 
in the reactions 
In their studies wit! 
basic question has be 
How much of the cel 
dan iging eftect 
is, hypersensitivity 
simple marshaling 
site of deposition 
point could concei) 


fluoresce nt 


find in some of tl 
way to be synt! 
tissue reaction, 
tem, at lea 
be due to the 
bringing fort! 
site. 
In connection with thi \ Id | interest 
see how much of the cellular response micht be 
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mnarat ly 
v¢ 
the vitreous 
is 
tigenic large 
ertait f the 
re nonant 
me ery 
ene 
ere stolog lata Vi ble the 
quence f this reaction as mnared ¢ 
und in the vitreous by Dr. Silversteit 
on nnection, last vear at the San Fra 
Dr. Maurice of | esent 
F liffusion of protein out f the r bit 
lis experiments indicated that approx 
‘ nt present at 
of toad that ¢ t of t 
) sir 1ffusior st fowatl tine 
mber Chere is evidence that ert 
} hooct the antihod 
esp 
+ } slowing the rate of sorptior f 
onder. therefore whether the nt A 
ibbits given 1.0 me f egg albumin int 
sienifi tly } ohet thar the 
f the came doce ven to rabbits is 
reactions wit! ely I 
eve Dp z re the he 
I. WoLkow ely 
isk Dr. Silverstei e 
se it the mtrol the Se nd eve 
su V1 the presence 
\ ‘ N sing 
n detect the presence ! t , torming cells | think | ! more justice to the st quest 
with suitably fluorescei eled terials. Should than the first one which Dr. H ert br t uy 
a very irge propo ) elis the seco! tne nstances 
ware 14 er tane ecnonse ft 
tne imyectior ntigens spontane response 
rest t ng it t es tor the 
antigetr intravenous come ves atter the intr 
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ocular antigen, we can see the eye react almost im 


Sometimes we see traction 


within 


mediately 
pupil. Certainly 
injection of the 
vessels in the iris 
peak, however 


action starts almost 


30 minu we can see 
bus and 


es not reach a 


vessels the 
The 


until abou ! the re 


This again brings 


h 
a very marked 


us antigen, occa 


ry transient am 


AL ASPECTS 
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EXPERIMENT 
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INTRODUCTIO? 


In a previous study,’ evidence was prt 
sented that dogs subjected to repeated intra 

F colloidal iron’ or 
transfusions of compatible blood 
tive changes in the 


venous injections of c re 


peated 


gradually develop degener 
pigment epithelium and the retina. These 
changes present many of histopathologic 
features of siderotic reti thy and also re 


retinitis pigment 
deals 


Lit 
Che present study th experimental 


aspects of ocular siderosis and hemosiderosis 
induced in rabbits, 


of diluted sac 


id cats by injec 


tions 


of autogenous 


(SIO) or 
chamber, the vitr 
circulation of th 


In vivo experime nts 


10.8. Ir 
injections, dilutions with 


of 1 


10 were 


ULAR 


t 
are 
enough on my part to satisfy them all 
cuss one or two of them, however 
ipplied 
study 


showed indeed that quite 


found, 


Stages 
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hat Dr. Halbert asked, and to his suggestions ; they 


so numerous that there is neither time nor wit 
I can dis 


Goldmann 
to the 
and 


Witmer and Dr 
technique 
the 


Some years ago Dr 


fluorescent antibody 


the 
of antibody production in eye, 
» round cells 
se eyes were producing anti 
f what they 
at the later 
than 


Start 


¢} 


a number of the 
und in th 
extension 

like to know, 

of 


that one 
and with 


ev used, 


antigen 


We are 


lies, 


lesser amount 


results would be 


es now, as well as other stu some 


Halbert suggested; perhaps we will be 


f which Dr 
l it next year’s 


em more intelligently 
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Missouri 


inalogous experiments dealing with SIO- 


njections into the enucleated eyes of man 


and monkey. 
The use of SIO as 


available 


of other com- 
protein 
the 
effects resulting 
avoided: 


many 
mercially free colloidal 
following ad- 


rs 


iron preparations 
vantages: (1) 
breakdown 


from 


side 


yrotein products are 


2) the colloidal dispersion of 


ver a wide pH 


| 
iron in aque 
ous solution remains st: 


range; (3) the iron complex does not preci 
vitate in blood or serum; (4) the iron dis 


persion in aqueous humor and vitreous body 


occurs relatively rapidly unless it 
bound to mucoid m 


substances; (5) 


be comes 


utter or other siderophilic 


interaction with extra 


its 


cellular siderophilic tissue components can 


histochemically 


readily be demonstrated 


Prussian the trivalent, 
Turnbull's reaction for the bivalent 
form of (6) the physiocochemical 
of the inorganic ferric hydroxide 


an be differentiated from the or 


structure 


nolecules 
ganic aggregates of the iron complex in fet 
nicTos 


ritin*® and hemosiderin by electron n 


Ferri 


- 
ot the 
the 
est Wher we 
get reactio sponse to intra which t 
S101 the second eye, we bod 
see a VCR] nflammatory re 
action. This is in the untreat eve. The treated eve a 
reacts very violently. 1 ted eye usually wil thi what th a EE: ee 
not react; but been reporte ng such 
be. I don’t know 
respe e ques ng 
blood into the an 
I is DOdY, or sys 
e living animal. T] 
F e De 
the Os TIohne stor er eT 
sit School « Me reseal was SU] 
ported in part | R_17R0) fram the 
National Institute Neur Diseases ; 
Rlir f the N titite Heals} 
. Pul He Ser ‘ 
Ferriveni Benger's errir Mercl 
»narp, und Dohme). The tter s used in this 
physiological saline in a wit ipoferritin (a 2-globulin) Farrant,’ Bessis 
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AN 


copy (Richter?). Further difterentiation 1s 


based on the failure of f intin t 


O give a 


positive Prussian blue reaction, whereas 


SIO and hemosiderin stain blue 


IVO INTECTION 


1. In this part of twenty healthy 
\bout 0.1 


il 


adult albino rabbits 
SIO diluted with 


10 (0.2 


of saline in 


1 ratio of 1 


was imnyecte 


} 


chamber of the righ 


gical saline 


physiolo 


left eye (control 
was employed 
amount of aqueous hu 
prior to the injection 


2. The 


butal anesthesia at a 


eves were ¢ 


injections varying 
year 

3. Immediately foll 
the the eyeballs wer 
the histologic work-u 


4. 


hain’s hemat 


ross section wet 
oxylin-e 
the demonstration o 
Gieson’s staining te 
B. | 
1. Injections of 
luted with physiolo 
1:10 (0.2 to 2.01 g el 
jected into the vitreous 
of 30 albino rabbits, ft 
cats. A No. 26 
of 


the inject 


Site 
(42 animals) o1 
tormer ¢ 1 small 


the asec, 


body Was released prior 
pt 


pre ssure 


any case, the atten maintain 


han 35 mm 


the 


an intraocular 


Hg during the injection of 


transcorneal injection, was 


through the lens unde motion 


| 
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employed in trephine operations until the tip 


I 
of the dle reached the middle of the eys« 
bal 


|. Only 0.1 ce of the SIO solution or the 


ted 


of the 


blood was inje in those cases in order t 


id undue ris¢ ntraocular pressurt 
The eve enucleated at intervals 


S wer©re 


half 


injection 


varying from in hour to one year fol 


lowing the 
Flat preparations of the 


follows 


out the 


to wash 


hydrochlori 
de, where 


\fter 


a, the cil 


ary body and iris as well as « sections of 


ros 
ross 


duplicate eyes prepared as outlined 


ibove 


af 
es or SIO ok 
A. Anterior chamber 
retina 
prepared as = 
Phe eveball was dissected at the equator 
; nto an anterior and posterior half. The pos 
of elemental tron) 
g 
= terior segment vas eane | or the vitreous 
or 0.1 cc. of undiluted itogenous blood , 
ve ind the specimen rinsed W th 0.9-per 
at thi is into the anterio1 
nt saline solution excess 
; of the mi | agent. Thereafter, the speci 
N 26 yauge m dle 
four-percent formaldehyde solution and ther 
are ; nsed again with tap water for a few min 
O1 een released 
ites s wed immersion ot the 
specimel I xture of! equal | irts 
eee 1) 11 ¢ | under Net 
- 10 percent of acid and potas 
given time following the ; 
, sium ferrocyat it remained tot 
om 15 minutes to one : 
ibout 10 minutes. AMM washing with tap 
:; vater the specimen was immersed into a 70 
percent alcohol solution for 10 minutes. Fi 
fixed rormain or 
nay, ne na Vas loosened and Geracni¢ 
’ | trom the underlying layers and its insertio1 
e stained with Heiden 4 
G ris stain for 
; na was then spread out on a glass slide a1 
ent iron, and vat 
passed throug ncreasing concentrations ot 
il | lly lehvdrated by Passing 
1roug e pris o embedding « 
ty LO ot d flat pre rations in Dar 
il saline in a ratio of 
circulation 
body of the right eye |. In this part of the study 24 rabbits and 
our s, and twelv six dogs were employed. They were sub 
s either the equator f SIQ) 20 to 20 1 g elemental trot ke 
ter of the cornea. In body weight ) 
nt of vitreous 2. The eves were enucleated at intervals 
i 4 niection. In rving from 15 minutes to two years fol . 
owing the st injection 
Of css | 3. Flat preparations of the retina 
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Six freshly enucleated 1 ikey eves and 
six human eyes obtained at autopsies were 


used for perfusion of 
with a diluted SlO-solution (containing 2.0 
mg. elemental iron per c ir a period of 


one hour at a pressure 35 m g. An 


equal number of eyes wet employed fo 

staining of the retina by 1 tion of SIO 

into the vitreous bo lat prepara 

tions and cross ions obtained from thes« 

eyes were worked 

V1VO expel I 

tions of the The same after 

lissection with a razor blade. Notice free 

removed were prepat 

on glass slides with 


ing towards the covet and monkey, the endo 


of Schlemm’s canal and of the 
channels as well as the perivascular 
The results of the ind postmortet tisst licited a marked Prussian blue re 


experiments with 
terior chamber revea 
cules are ible to lea the \ \ tne tra of the a I I oT) E from which the cili 


becular meshwork, 


int in his could be demonstrated particu 


thickness flat preparations 


vere removed hgs l to 


onidase (Wydase) somewhat 1m 


of Schlemm’s canal 
ever, large quantiti , a were 1 d ! id not prevent the iron uptake. 
in the trabecular lly assumed that the bulk of 
il rivascular tissue consists of acid 
1ucopolysaccharid \MP). The vitreous 
y rich in hyaluronic acid 

ms of SIO into the vitre 

iptake of iron by the 

rivascular tissues. In 

the retina 

nerve 

Prussian blue reac 

inutes following the 

\n example of iron 

tissue in a human 

Similar observa 

le previously by Weed 

Berens and Posner 

ibbits and human eyes 

to siderophili compo 

in the vitr body and the perivas 
cular tissue of th ‘tina may persist for 


elementai 


35 mm. Hg pressu nany months (figs. 9 and 10). This is asso 
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reparation of limbal and post- 


Fig 3 (Cibts and Yamashita) 


Flat 
limbal area of a 
fused with SIO (2.01 M4 Fe/cc) for 


human eye per 


th 


death 


one h 
reac 
ar meshwork, 


risvascular 


tion of the nated eithet from the prepapillary 


ciated with a gradual disintegra 
11) or by ingrowth of fibrocytes fror 


affected tissue structures, changes, 
nd eve Ilv ] Sis | bliterati 7 CT] iz. 12 E le f 
and eventually scierosis and obiiteration of te of injection (hig. iz) Xamples o! 

capillary proliferation at the inner surface 


the retinal blood vessels. Degeneration of 
retina takes place of the retina are shown in Figures 13 an 


the neural structures in the t; 
concurrently. 14. Detachment of the hyaloid and of the 

Following intravitreal injections of SIO internal limiting membranes resulted in some 
or autogenous blood (table 1), rabbits de cases from massive vitreous retraction (fig. 
veloped retinitis proliferans after two weeks. 15). Some signs of degeneration of the ret 
lhe proliferation of fibrous tissue origi ina and gliosis were observed after more 


than two weeks in almost 
with SIO or blood. This occurred not only 


connection with retinal detachment but 


all cases treated 


in 
also related to hemosiderin or siderin deposi 
tion on the inner surface of the retina with 


or without stainable iron molecules in the 


neural tissue (fig. 16). In four cases, the 


injection of SIO was administered through 


rABLE 1 


RESULTS OF INTRAVITREAL INJECTIONS 


Ratio of Animals Affected 
to Number of 


Type of Pathological Animals Treated 


Manifestations 
(a) With b) With 


SIO* Bloodt 


16/20 


Retinitis proliferans 
20 


2. Vascular proliferation 1 
Choroidopathy, cyclo- 

pathy, and iridopathy 3/20 

Fig. 4 (Cibis and Yamashit: nlarged picture 

depic ‘igure 3. Note * 0.2 to 2.0 mg. elemental iron 

heavy iro al he perivas t 0.1 to 1.0 cc. autogenous blood 


of episcleral 
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cornea 
Schlemm’s canal, and 
. tissue 
episcl.v. 
Sf , 
‘ 
> 
4 
| 
is 4 . 
6/8 
3/20 
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Fig. 5 (Cibis and 
Flat preparation of 
depicting vascular pattern over 
medullated wing after injectior 
diluted SIO (0.2 mg. Fe) into the 
vitreous 
enucleation 
elicited by exposure of the « 


retina to Pearl’s reagents 


hour prior 


body, one 


Prussian blue 


the cornea and lens. Nevertheless, degenera 
tion of the retina occurred and was associ 
ated with fibrous tissue and vascular prolif 
eration at the inner surface of the retina. 
None of 


control eyes in which saline had been used 
instead of Sik Jor blood 


these changes were observed in 


Secondary degeneration of the pigment 


epithelium generally accompanied severe re 


inal changes. Primary degeneration of most 


severe form in the pigment epithelium was 
observed whenever the injected solutions had 
entered the subretinal space through a ret! 
nal break ( fig. 17). A detailed description 


of the experiments and results related to 


vitreous 


artery 


retinitis proliferans and vascular prolifera 
tions induced by iron or blood will be pre 
sented elsewhere.** 

rhe presence of nonprecipitate iron in the 
cytoplasm of endothelial cells of the cornea, 
of the and of 


trabecular meshwork, 


Schlemm’s canal, a few hours after the in 
jection of SIO into the anterior chamber, is 


depicted in Figures 18 to 20. Experimental 


and clinical evidence’ seems to indicate 
that the uptake of iron by endothelial cells 
is reversible as long as the conversion into 
siderin or hemosiderin has not taken place. 
Severe and continuous iron overload of the 


cytoplasm is said to lead to an exhaustion of 


Yamashita). 
rabbit retina de 
picting positive Prussian blue re 


Fig 6 (Cibis and 


ss section of 


action of the perivascular and pre- 


papillary tissue after exposure to 


SIO (0.2 mg. Fe) for 15 minutes 
immediately following the enuclea 
tion. Note negative Prussian blue 
reaction of the endothelium and 
medial layer of the artery, positive 
reaction throughout the wall of the 
vein. (Yamashita and Cibis, Arch 
Ophth., 61:698-708, 1959.) 
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nerve of 


iting positive Prussian 


action of the perivascular ti 


tissue and 
and tributaries, 
four hours after the injectior 
SIO (021 


adjacent septa 


ng. Fe) into the vitreous 
hody of tl 


the nimal. Heavily 


and adherent 


in 


1959.) 


Fig. 8 (Cibis preparati 
human retina ng. Fe/c¢ 
or four hours, ith. Gomor 
stain for iron 


preparaniion 
with poor presentation of 
sels due to degener: 
ches four 
on of SIO 
ous body of 
Poor Prussian 


blood vessels whi 
and 1 not 


PAS stain 


ve ssels 


obliterate 


Fig. 7 (Cibis and Yamashita) 
Longitudinal section of the opti 
EEE an albino rabbit demor 
Stained parts of retina 7! 
vitreous body at left ( Yamashit 
. md Cibis, Arch. Ophth., 61:698-708, 
2 
n 
) 
4 
A 
* Fig. 9 (Cibis and Yamashita) 

blood ves 
= o t vascular 
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tion of the corneal epithelium may result 


from this condition. Similar observations 
were made with reference to the trabecular 
meshwork, the ciliary epithelium, and the 
epithelial layers of the ora serrata.*® Cyto 
plasmic swelling seems to antecede the dis 
integration of the cells and may represent an 
essential factor in the mechanism of second 
ary glaucoma which so frequently accompa 
nies anterior chamber hemorrhages (fig. 21). 
An enlarged picture of phagocytic cells in 
the trabecular meshwork is presented in Fig 


as Fig- ure 22 


Fig. 10 (Cibis and Yamashita). Same Zé. Examples of extensive siderosis of 


re 9. Cross section depicting it containing walls 


the ciliary epithelium and of histiocvtic ele 
of degenerated blood vessels a ut yf 


iron staining material in the retina close t it! ments of the inner surface of the retina and 
staining remnants of blood vessel the vitreous body are depicted in Figures 23 


and 24. 


apoferritin production; hence, siderin and Che effect of systemic siderosis and hemo 


hemosiderin become manifest in form of _ siderosis on the eye is of considerable inter 
Prussian Blue positive granular material est. Single intravenous injections of SIO 


m changes and cy (2.0 to 20 mg. iron per kg. body weight) r 
tolysis may follow. Almost complete denuda sult in an excessive overload of the blood. 


(fig. 20) and degenerati 


Fig. 11 (Cibis and Cross section of rabbit retina 
proliferation of fibrous tissue to both sides of 


after the injection of SIO ng. Fe) 
Prussian blue reaction 


close 1 yptic nerve head depicting 


condensed vitreous with heavy uptake of iron, one month 


into the vitreous body of the living eve. Giemsa stain and 


< 
iron 
t 
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Fig. 12 (Cibis and Yamashita). Cross section of rabbit retina with ingrowth of fibrous tissue 


of transcleral injection of SIO (0.2 mg. Fe) into the vitreous body two months prior to deat! 


Fig. 14 (Cibis and Yamashita). Cross section 
of vascular proliferation with clumps of iron 
staining material in phagocytes, eight months after 
injection of SIO (0.2 mg. Fe into the vitreous 

Fig. 13 (Cibis and Yamashita). Cross section body). Note absence of stain in neovascular tissue 

of rabbit eye depicting total detachment of retina  Gomori’s stain for iron 

with fibrous tissue proliferation in the vitreous 

body and vascular proliferation on the inner sur 

face of the retina, four weeks after injection of 

autogenous blood into the vitreous body. Con- 

densed fibrous tissue close to the site of the scleral 

injection. Prussian blue and Giemsa’s stain. 
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Fig. 15 (Cibis and Yamashita) 
Cross section of a detached rabbit 
retina with detachment of hyaloid 
and internal limiting membranes 
due to vitreous retraction four 
months after the vitreal injection 
of 0.1 cc. SIO (0.2 mg. Fe) 
Gomori’s stain 


Uptake of iron in the cytoplasm of the endo- 
thelial cells of intraocular blood vessels can 
be demonstrated within 15 minutes. Diffu 


sion of SIO into the stroma of the choroid 


and the ciliary bi xly becomes manifest within 


two or three hours. In the ciliary stroma the 


SIO retains a nonprecipitate appearance. 


Thereafter, the Prussian Blue reaction in the 


stroma decreases and the accumulation of 


granular iron in the cytoplasm of phagocytic 


and endothelial cells in the ciliary proc- 


esses, the choriocapillaris, the choroid and 


retina can be followed over weeks and months 


(figs. 25, 26, and 27). In dogs, siderotic 


granules in endothelial cells of ocular blood 
Schlemm’s 


essels and, in one instance, in 
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canal could be demonstrated even seven 
years after the repeated injections of SIO 
or blood.’ If the intravenous injections of 
SIO are repeated on several subsequent days, 
diffusion or SIO molecules into the iris 


stroma becomes noticeable after three or 
four days. 

From histologic sections, in such cases, 
evidence can be elicited that the iron in the 
iris stroma is derived from blood vessels of 
ciliary processes which are attached to the 
posterior surface of the iris. The Prussian 
blue reaction is found generally restricted to 
the area immediately adjacent to the base of 
these processes and invariably exhibits a 
indicative for such a 


diffusion gradient 


vitreous 


Fig. 16 (Cibis and Yamashita) 
Siderin deposition at inner surface 
withir rabbit retina, four 
weeks after injection of SIO (0.2 
mg. Fe) into the vitreous body. 
Gomori’s stain. 
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ant. chamber 


corneal stroma 


siderotic endoth 


Fig. 18 (Cibis and umashit Cytoplasmic uptake of iron in endothelial cells of the cornea, four 
hours after injection 1 cc. of SIO (0.2 mg. Fe) into the anterior chamber of an albino rabbit 


Gomori’s stain 
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Fie. 17 (Cibis and Yamashita). Retinal detach- Fig. 19 (Cibis and Yamashita). Cytoplas: 
ment with a retinal bre egeneration of the iron uptake n endothelial cells f the tr ecular 
pigment epitheliut ind severe gestion of the meshwork, four hours after injectiot f SIO 
horoid about six months after jection of SIO Albino rabbit. Gomori’s stain (0.2 mg. Fe) 
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corneal stroma 


Fig. 20 (Cibis and Yamashita) 
Cytoplasmic swelling of corneal en- 
dothelial cells due to accumulation 
of granular Prussian blue positive 
material, two weeks after injection 
of SIO (0.2 mg. Fe). Albino rab 
bit. Gomori’s stain 


anter. chamber 


- 


corneal mechanism. That the iris tissue in itself pos 
sesses a great affinity to iron is illustrated by 
Figure 28, demonstrating that SIO is read- 
ily absorbed from the anterior chamber. In 
the instances in which the daily intravenous 


injection of SIO were continued over the 


period of a month, SIO molecules appeared 


in the endothelial cells of the trabecular 


meshwork and of Schlemm’s canal, in the 


ciliary and the retinal pigment epithelium be 


surface 
a. Sideri 
number of 
it the limbus 
et’s membrane (Cibis and Yamashita). Same as Figure 
blend into hwork. Gomori’s 21. Enlarged picture of individual phagocytes de 
stain picting siderin aggregation in the cytoplasm 


175 
% 
at 
4 
| 21 ibis al Y ss sect I 
i CT I I one Wecr 


2»AUL A. CIBIS AND TSUYOSHI YAMASHITA 


Fig. 23 (Cibis and Yamashita) 


Heavy cytoplasmic siderosis of a ciliary epithelial ceils of 


ciliary body 


a human eye 


which suffered from a long lasting intraocular hemorrhage. Gomori’s stain 


side the endothelial cells of intraocular blood 


vessels. Even after seven years, residual 


siderin granules or transfusional hemosid- 
erin could be detected in ocular structures.’ 


COMMENT 


The experimental findings presented in 
connection with this study suggest at least 


two mechanisms by means of which patho 


Fig. 24 (Cibis and Yamashita 
Siderin granules in histiocytes of 
body and at the inner 
the retina, one month 
STO 


vitreous 
surface of 
after intravitreal injection of 
(0.2 mg. Fe). Albino rabbit. Go 


mori’s stain 
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iration 
no rabbit 
nous 

Sit) pe Sitive 
ré 


is 


61 698 708 


ne 


logic concentrations of iron in the eye may 
Fig. 26 (Cibis and Yamashita). Flat preparation 


+ 

exert their deleterious effects upon the intra ; 
f rabbit iris with ciliary processes on posterior 

(Gomori), one hour after 

yn SIO (20 mg. Fe/kg.) 


n to sidero ntravenous it 
f ciliary pro ris free 


stulates 


tances, muco 
polysaccharides vitreous 
ly, 


} 
Do 
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Flat preparatior 
wing 
at the ant 
ifter SIO injection 


he d 


irkening t the iri 


Prussian reactiot 


and optic nerve, the trabecular meshwork, 


and the perivascular tissue of the outflow 
channels of Schlemm’s canal. A 


posed 


second pro 


mechanism involves cytologi 


gic changes 


of iron into 


in the eye induced by the uptake 


the cytoplasm of endothelial and epithelial 
cells 
he sclerosis and oblite: 


nal blood vessels as well as 1¢ proliferative 


changes which followed the injection of SIO 


into the vitreous body may be explained on 


the basis of a direct stimulation of fibroblas 
tic elements by iron or the possible deletion 
of an inhibitory factor which normally pre 
vents the growth of fibrous tissue. 

It is interesting that in three or four rab 
bits kept alive over a period of one year fol 
saccha 


had 


vascular 


intravitreal inj 


the 


lowing the 
rated 
cleared to 


iron oxide, vitreous body 


such a degree that the 


changes in the retina could be followed oph 
thalmoscopically and photographed. In all 
four cases, the vascular obliteration and pro 


liferative changes were associated with a 
medullated 
Che 


pre liferative 


marked demyelinization of the 


wings of the rabbit retina question 


whether similar atrophic and 


changes can be induced experimentally in 
other species is under investigation 

Of pathogenetic significance is the finding 
that the degenerative changes following ex 


perimentally induced systemic siderosis de 


heavy up 
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veloped with a much greater delay (years) 
than those following intravitreal 


of SLO (weeks) 


Injecvions 
lhe delay occurred in spite 
of extensive uptake of iron by the endothe 
lial cells of the blood 


This suggests that the linkage of iron to 


intraocular vessels 
siderophilic matter in the perivascular tissue 
perhaps is of greater importance for the in 
duction of sclerotic and obliterative changes 
of the retinal blood vessels than the effects 
of iron 
Sclerosis 


outflow 


and obliteration of the 
channels of Schlemm’s canal have been ob 
served in clinical cases of siderosis and hemo 
However 
} 


siderosis of the anterior chamber 


they were always found associated with ob 


trabecular mesh 


ll be 


literative changes in the 
work. Hence, they may we of secondary 
nature 

Che different behavior of the blood vessels 
in the ciliary body and iris with regard to th 
permeability for SIO represents an unsolved 
Elect 
histological structure of the 


the iris differs considerably 


probk m romicroscopic studies 


that the 
laries in 


that of the llaries 


in the ciliary bod: 


However, important observations 


not offer a final answer to the pt Iblen 


differences in the staining behavior of 


ind ciliary body cannot be explained by ar 


absence of siderophilic substances in the iris 
In fact, the iris takes up much iron when 


cross sections are stained with SIO 

The capacity for cytoplasmic iron uptak« 
seems to be an inherent faculty of all endo 
thelial and epithelial cells in the eye y no 


means does this faculty appear to 

stricted to endothelial cells of the blood ves 
sels and phagocytes. The mechanism for the 
of iron through the cell membrane 


passage 


is not known. According to Richter,’ elec 
tron microscopic evidence indicts pinocytosis 
as a principal mode of iron transport int 
the cell. 
The 


changes induced by the iron in 


clinical significance of the cytological 
endothelial 
cells of the cornea and the trabecular mesh 


work, and the epithelial cells of the ciliary 
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body, the ora serr: rment epithelium 


of the retina, and 


sessed elsew here - 


SUMMARY 


Experimental aspects of o siderosis 


and hemosiderosis following the intraoculat 


or systen ic administration colloidal iron 


(SIO) « are presented. The major 


change ited to the uptake 
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and binding of iron by the siderophilic 


ground substance of the vitreous body, of 
the perivascular tissue of the retina and op 


outflow channels of 


based 


and 


and of the 


ic nerve, 


Schlemm’s canal, or are on the ac 


cumulation of siderin hemosiderin in 


the cytopl ism dothelial and epithe 
lial cells within tl 
(10) 
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which look yellow-brown and which stain positively 
in the Prussian blue reaction, and which the histo 
pathologists call hemosiderin. Examination with the 
electron microscope has shown in the past that these 
deposits are a mixture of ferritin 
chemical compound) and inorganic iron deposits 
which apparently are amorphous 

Here, as in many other similar cases, an entity 
which is clear to the histopathologist 
makes little chemical sense but great 
deal of medical sense. What the siderotic particles 
mean, practically hat the ue’s for 
handling exceeded, at the tissue is in 
trouble 

How great the 
involved 


(the specific 


perfectly 
makes a very 
capacity 
iron 1s 
trouble is, varies with the tissue 


If one is dealing with skeletal muscle or 


a piece of the liver, there may be 
of this difficulty at all. If one 

the tiniest 
As the 


no external sig 


ling with the 


eye, even lesion may mean industrial 


blindness authors have shown, complete 
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degeneration of neural elements of the retina: a1 
as they mentioned in their paper, loss of cort 
boundary proliferative change 

retina 


from experimental 
One observation that 


portant to me is the 
liferans and the imy 
Same condition in 

dicate clearly th 


layers or 


may result siderosis 


seems particularly 


observation on retinitis 


hic finding f 
this fi ~ ‘ 


lication of 
liabetes. These experimet 
inorganic iron alone, with 
of diabetic hemorr! a 
adequate cause for retinitis proliferans in the rabbit 
and possibly in the 


As 


added blood protein ize, 1S 
diabetic 
you know, no one has consi 


in producing experimental diabetic 


wonders whether, with inadequate 


iron 


an 


insult of injection type, which 


able to prod 
be able 


onsequently have 


would ice retinitis 


lin het 


in a dlapet 


such a change 


mental tool Studying a 


STUDIES ON CORNEAL TRANSPARENCY* 


ALBERT M 


Clevelan 


The problem of the interrelations between 
corneal hydration, corneal permeability to 
ions, and corneal transparency is one which 
has concerned visual physiologists for years 
received an 
8 The fact 


decreases when 


and which in recent times has 


increased amount of attention 
that 


corneal hydration becomes high has been 


corneal transparency 


considered axiomatic and is evident on sim 


ple inspection : However, the exact quan 
titative relationship between hydration and 
transparency has not, to our knowledge, been 
measured, and it seemed of particular inter 
est to us to consider transparency changes of 
the 


tered in ordinary clinical experience. It is 


order of magnitude which is encoun 


with the measurement of such changes that 


the present paper is concerned 


* From the Laboratory 
mology, Western 
Service, Department of Surg 
pitals. Supported by a Grant 
tional Institute of Neurological Dise 
ness, U.S Publi Health Service \ 
some of this material was 
Association 
1959 


Reserve 


ases 


on 
the 
Research in Ophthalmology, January, 


report 


before East-Central Sect 


Potts, M.D., AND BEATRICE C 


FRIEDMAN, B.S 
i, Ohio 

The measurement of corneal transparency 
presents numerous subtle problems, and the 


accomplishment of such a measurement in 


vivo would be most difficult indeed. For this 
reason, we chose to use excised corneas and 
performed in vitro measurements. Even her« 


should be 


important. When an image-formins 


the definition of what measured is 


light traverses the cornea, the imag 


degraded by a number of independent p 


esses 


a portion of the image-forming lig 


may be back-scattered from the cornea o1 


may be specularly reflected from the cornea 


In neither case does the light traverse the 


cornea. An additional portion of light may b 


lost by absorption in the cornea itself 


another portion may be lost by forward scat 
ter and either escape the image area entirely 


or contaminate the image with forward 
scattered light. As pointed out by Maurice, a 
large proportion of the light which escapes 
is scattered forward within a relatively smal 
that 


gross experimental errors may be made 


angle, so without proper precautions 


Fortunately for our purposes this same 


type of problem has concerned researchers 


al 
€ 
by itseli 
proliferans, 
lea if one might nimal to induce, 
lisease 
o! 
De 
= —— 
Eve 
lind 
nted 


STUDIES ON 
in photography for years, since the image 
formed by light passing through a photo- 
graphic negative is subject to the same deg 
radation by forward scattering. Excellent 
treatments of the subject are found in chap 
ter 20 of Mees’ book on thx theory of the 
photographic process,® and in a recent article 
by Weaver.’ These writers review the classi 
cal concept of transparency as the ratio of 
transmitted to incident light, and the defini 
tion of density as the logarithm of the recip 
rocal of transmission. They also mention 
how early workers were forced to differenti 
ate two types of density measurement: when 
all transmitted light, including scattered light, 
and when 


was collected “diffuse de nsity ee 


only non scattered light was collected 


“specular density.” It is the measurement of 
specular density which gives the most accu 
rate criterion of interference with image for 
this which 


quantity con 


the 


mation, and it is 


cerns us in the c: of cornea. Our 


ise 
results are reported as D, which is equiva 
I, 

, where | 


lent to log, equals initial inten 


sity and I, equals the intensity of trans 
mitted light with the exclusion of scattered 
light 


Weaver published his 


wide 


easurements on a 


iph c de 1es and 


range of photog 


showed that, as density increases, the 


pro 
portion of scattered light increases until, at 
f the light pass 
At low 


us, it 1S 


high densities, virtually 
film i attered 
chief 


ing through the 
those of 


concern to 


densities, 
practical to measure specul 
stricting oneself to a vet 
collection. One must my nise in such a 
small for 
that 


would be introduced by random irregular 


situation between the ideally 


angit 


measurement and the erratic results 


ties in the small selected area of tissue. 
We reached this compr« 


within a half angle of five degrees 


ise by collecting 
To fur 


ther reduce systematic error, 


we made the 


rough assumption that 


caused by cornea and by photographic imag 


was of the same order of magnitude and 
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utilized Weaver’s data to derive correction 
factors for each density used. Only in a few 
instances did this correction factor reach 25 
percent and in no case did it affect the quali- 


tative picture. 


METHODS 


used were obtained from beef 
to the 
death of the animal. The corneas were dis 


Che corneas 
eyes received one two hours after 
sected with a ring of sclera attached and held 
in the lucite holder previously described by 
us.* For density measurements, the lucite 
holder was placed in the photometer against 
an airtight gasket and the cornea inflated to 
a pressure of 25 mm. Hg. Measurements 
could then be made with only air in contact 
with the cornea; or, by placing a lucite win 
dow on either side of the holder, either endo 
thelial or epithelial side could be covered 
with solution during the measurement. A 
collimated beam of light produced by an in 
candescent projection bulb and optical sys 
tem was passed through the cornea and 
allowed to fall on a barrier layer photocell 
This cell was masked except for a central 
irea corresponding to the size of the original 


} 


beam and subtending a half angle of five 


degrees.* After the initial density measure 
ment, the cornea and holder were placed be 
tween two lucite half cells previously de 
scribed* and allowed to remain in the sur 
rounding medium of known composition for 
periods of time up to four hours. During 
this time the medium was stirred by an air 
lift stirrer with gas of controlled composi- 
tion. In all experiments reported here, th 
gas mixture used was 95 percent: O, to 5.0 
percent CQ,. Our experiments 1n the present 
series were done at room temperature. 

At the end of the experimental period, 
cornea plus holder were removed from be 
tween’ the two half cells and placed once 
more in the photometer where density was 
determined a second time. The epithelium 
was then scraped and the transparency meas 
urement repeated once more. In some ex 


periments an additional attempt to evaluate 
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the type of contribution of the epithelium 


was made by placing fluid 


on the anterior 
and posterior surfaces and comparing meas- 
urements made in this manner with measure 
ments made in air 

One series of experiments was done with 
equal osmotic concentrations on either side 
was done 


second ScTIeS 


difference 


of the cornea \ 
was maintained 
The abso 


Was 


where an osmot 
between the two corneal surfaces 


lute salt concentration on either side 


varied as well as the concentration difference 


between the two sides. In other experiments, 


responding to 25 


a hydrostatic pressure cor 


mm. Hg. was maintained on the endothelial 


side for the duration of the experimental pe 
riod 


In a number of riments, the wet 


weight of a central plug rnea was deter 


mined and comparison with the weight 


of similar plugs cut fron trol eyes before 


experimentation. In some instances, corneal 
thicknesses were measured by the careful 


use of micrometet calipers 


Because of the striking effect of potassium 


ion in reducing the transcorneal potential,’ 


a series of experiments was done in which 


the bathing medium contained 


sium 10n instead of 


only potas 


sodium ion 
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RESULTS 
Che results of the experiments are pre 
sented in the following figures. Each experi 


mental result represents a minimum of two 


corneas and in most instances more than tw: 


In Figure 1 is shown the results of chang: 


of corneal transparency when corneas are 


maintained in a solution of sodium bicbarbo 


nate at a pH of approximately 7.8 for 


and 90 minutes. The molarities of the 


bonate solutions are shown beneath each 
before and after he 


The density scraping 


epithelium is indicated for each time period 


In each case there is an increase in density 


with time, but only in the case of the hypo 


tonic 0.01 molar solution is there any sizable 
Most 


final density even after 90 minutes 


striking of all, after denuding the epithel 


virtually all of the obstruction to passag« 


light disappears ; and in a few instances 


stroma alone 


transparen the 


than f initial intact cornea 


shown density figures 


graph; but negati positive, these 
are minute 

The effects of maintenance with 
metrical concentrations are shown in | 
2 Here the dens! 


so low tl 


ies after short tim 


were 
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four hours in each case. The higher concen 


tration was always placed on the epithelial 


side ; and it can be seen that once more, hy 


potonic solutions on the endothelial side 


make for increased density and that a mini 


is reached n the third and 


Che 


where 


mum increase 


fourth sets of results increase in 


density seems to a relatively 


large differential is maintained between an 
terior and posterior surfaces, such as in the 
In each case 


third set of results and the last 


the epithelium again plays a large role, and 


transparency increases markedly after its re 


After 


the stroma beg » become significant 


} +} ntroi 


moval four hours the contribution of 


Figure 3 shows the effect on transparency 


when the solution bathing the cornea 


is po 


} 


tassium bicarbonate sodium bi 


carbonate. As can be mm the results 


less density develops cornea in the 


potassium solution in each case than in the 
corresponding sodium ion. The explana 
tion for this particular finding is not a simpk 


one, nor is the result the ant 


Here, 


the chief contribution 


icipated one 


again, for the 90-1 period 


less, 
in the epithelium 

In Figure 4 is presented the effect of pr 


on the endothelial side f periods 


and-a-half and four hou As ¢ 


TRANSPARENCY 


I. ASYMMETRICAL CONCENTRATIONS 


CORNEA INTACT 


EPITHELIUM OENUDED AT END 
OF EXPERMENT 


° 
(HR 


come 
ANT. 220 ™ 
Post 100 


540 
220 220u 


of osmotic 

Tre 
seen, the density is very much increased by 
pressure for the four hour period; and, al 


though only a third of this is attributable to 


it still represents one of the high 


CORWEA inTacT 
EPITHELIUM DENUDED af 
Ene EXPERimENT 


the stroma, 
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OF PRESSURE ON SPECULAR 


OF CORNEA 


EFFECT 


DENSITY 


CORNEA INTACT 


EPITHELIUM 
DENUDED AT ENO 
OF EXPERIMENT 


° 
TIME (HR) 
PRESSURE 
ANT POST 
(Potts and Friedmar 


Fig. 4 


pressure 


on specular density 


est stromal densities which we have meas 


ured in a four hour period. 


In order to see whether there was a meas 
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urable water increase that paralleled the 
increase in density, the experiments where a 
central corneal plug was weighed and dried 


are reported in Figure 5. If the percent of 


the wet weight which is water is plotted 
against the specular density for each exper 
ment, it can be seen that there is no trend 
and that increase in density does not bring 
a parallel increase in water content 

In Figure 6 where the results for density 
versus thickness are shown, once more ther 
is no correlation between increase in thick 


ness of the stroma and increase in density, 
although it 1s evident that there is an increase 
in thickness with time 

notion of how den 


affected 


some 


In order to get 


sities of this order of magnitude 
test object was con 


black 


bars of equal width with spacing equal to 


human vision 


consisting of sets of three 


structed 


placed on a_transilluminated 


The sets of 


bar w idth, 


X-ray viewing box three bars 
varied in size from 20 minutes to one min 
corresponding to 10/200 


This 


through the cornea inflated in its holder and 


ute of arc, 


20/20 vision test object was viewed 


held before the emmetropic or corrected eye 
that the 


of the observer. It was found 


to reduce vi 


umount of turbidity required 


10/200 test bar was so 


not regist al i in 


sion to resolving the 


oul 


slight tha 
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Thickness of stroma vs. specular density. 


densitometer. Hence, even with these modest 


densities of 0.3 at ne is dealing with 


most, ¢ 


in obstruction many times worse than that 


which reduces vision to 10/200 


DiIscussIoD 


The assumption is implicit in this work, 


as in all experiments on surviving tissues, 
that the obse rved phenor ena have some re 
lation to the taking place in the 


processes 
living animal. The very fa 
conditions is 


time under 


normal in vivo 


evidence of departure tt 
behavior. We find it most remarkable that 
this 
large portion ts att 

Although 


by specular refi tion. one does not 


when does occur, 


such a ributable to the epi 


thelium regularities can 


seen 


frank bullous keratit and one has the 


that diffuse cloudiness rathet 


impression 
irregularity is responsible for 


eff: ct 


than surface 


most of the This is borne out by the 


fact that, although when the test chart is 


viewed through the corn¢ icuity increases, 


when one puts an aqueous layer on either 


side of the cornea, there is little or no de 


crease in density measur n the photom 


The chief purpose of the experiments re 


tablish a norm for the 


ported above is to es 


method on which experimental 


manipulations may be superimposed. Pre 


liminary results suggest that many proce 


dures known in the past to cause corneal 


hydration have as their first effect increase 


of density in the epithelial region. Further 
experiments in this direction are now in 


progress 
SUMMARY 


1. A method has been devised for measur 
ing the specular density of the isolated beef 
cornea which is practical at least at moderate 
corneal densities. 

2. The corneal density increases when the 

is maintained in an environment of 
sodium bicarbonate, and most of this density 
is attributable to epithelial clouding. When 
symmetrical concentrations of bicarbonate 
are used, the clouding occurs, but at a 


markedly slower rate; and optimal concen 
trations and concentration differences can be 
demonstrated. These approach those encoun 
tered in the actual eye. 

3. Substitution of potassium ion for so 
lium ion causes less clouding in the same 
amount of time. 

+. A pressure of 25 mm. Hg applied to 
the posterior corneal surface for the dura 

of the experiment causes marked in 
crease in clouding compared to no pressure 
differential. 

5. When one compares water content with 
over the 


density range observed by us no 
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correlation can be observed major disturbances in transparency and may 


6. When one compares corneal thickness well account for the greater part of ordi 


change with density over the range observed _ narily encountered early corneal 


by us, there is no correlation observed 


7. Despite the fact that one is dealing with 


small amounts of hydration, these represent 
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genuity. I must say that I am in essential agree paret and lration in the range he has stud 
ment with his observations and his conclusions [ wonder if I 1 have the next to the st s 
The only thing I would like t lo is perhaps re f Dr. Pott please 
Dr. Potts is concerned for the 1 st part witl em] ved nown ft kel 
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t the [ am quite sure, too, that the epithelial irregu- 
ition results larities are indeed the basis for much of the change 
corneal transparency, because if we do the ex 


it described the paper, of measuring the 


T 

e a test object he room with 

suspe ompared to the 

both layers are immersed in fluid 

his simply by taking the cell which 

putting windows on either 

the cell with fluid) then the 

test object goes up from the 

han 20/200 to something close 

hen one measures transmis 

the machine, this amount of change is 
measurable on our photometer 

addition to the irregularity factor, there 

bly an epithelial clouding factor which 

taken into account, and this again 1s 

j clouding factor 

hydration and 

by determining 


ECT OF ARTIFICIAL OSMOTIC LOADS 
THE INTRAOCULAR PRESSURE? 
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ind, Ore 
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st comm pted hypothesis While we cannot replace the osmotic trans 


1 


mechanism of aqueous humor pro port thesis 
ites ; ict retion of ce1 theory, the hypothesis that the aqueous 1s 


es I 


with another well documented 


ber and the secreted as a unit, has a great deal of merit 


ti and is quite consistent with our data, and, 


I OSMOLI 
anipulation we believe, with that of others. This is tanta 


to accom mount to saying that the movement of water 


body of across » blood aqueous barriers is under 


DOK 


control 
and to n a paper to be published elsewhere, we 


been able to show that in a normal pop 


s humor ulation of rabbits and cats, no discernible 


lationship could be found between the in 


pressure re 
supposed traocular pressure and the aqueous-plasma 


ic difference. From this data it was 


vident that physiological variations existed 


in both functions. Furthermore, the physio 
logic variation in the intraocular pressure 


was considerably less than that of the os 


motic difference. 
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In the present study, the aqueous-plasma 


osmotic difference has been 


more or less severe osmotic stress by artifi 
cial alteration of the plasma osmotic concen 
tration. The effects on the intraocular pres 
sure and on the aqueous osmotic concentra 
been observed. Measurements 


tion have 


were made under two basic conditions ; 


animals, a 


1. Using unanesthetized 


he« 


two osmotic samples, 


$pot 
of the intraocular pressure and the 
aqueous and plasma, 


were obtained within a very short time of 


each other at a particular time after impos 


ing the plasma osmotic change 
Continuous recording of the intraocu 


lar pressure was done in anesthetized ani 


mals, running before, during and after the 


stress. Plasma 


imposition of the osmotic 
samples were obtained at intervals, and the 
experiment usually terminated by sampling 
from the un 


the plasma and the aqueous 


molested eye Che terminal intraocular pres 


sure and the osmotic pressure measurements 
then correspond to condition one except for 
the anesthesia 

We have interpreted this data in terms of 


the aqueous-plasma osmotic difference and 


the effect on this difference of the artificial 


have 


stress ilso interpreted it in terms 
of the relationship of the intraocular pres 
sure to the aqueous-plasma osmotic differ 


ence 


METHODS 


Intraocular pressures were measured with 
a Hathaway Mod. P58A strain gauge com 
municating with the anterior chambet1 
through a No 
a No. 30 needle at th 


signal from the st 


50 polyethylene catheter and 


limbus. The electrical 


in gauge was amplified 


and recorded with a Sanborn Strain Gauge 


Amplifier and Recorder. Throughout the 


calibration and measurement procedures, the 


strain gauge itself was not moved or handled. 


nee dk 
T he 


in terms of the 


All manipulations were « with the 


at the end of the polyethyl ne catheter 
calibration was established 


“head” in cms. of saline filling the catheter 


AND 


subjected to 
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10 cm 


were recorded before and after 


and needle. Calibration steps apart 


each pres 
sure measurement by moving the upper level 


of the saline column along a vertical n 


stick. The 


or catheter 


effect of capillarity in the need! 


was ping 


eliminated by kee 
» unde 


l cm 


needle completely filled and its ti 


surface of sterile saline in a vial about 


he 


ished by 


in diametet precise zero of 


was establ recording a short 


ment with the needle tip held in a 


saline in the inner canthus of the 


mediately before insertin 
the anterior chamber 
have been converted 


means of 
cific gravity of » sali n numerot 


casions erratic results were obsery 
sumably due to capillarity, when a | 
air was allowed to ren 
catheter Therefore, 
with a syringe and a three-way 
the catheter and needle with fresh saline 
fore each measurement. 


measuren 


stabilized if 
the No 


Pontocaine 


necessary by an 
inserted 


30 needle carefully 


anesthesia. Then 
i 


topical 
topical 


straining forces on the li 


Ss were 1 


and the hub of the needle was « 


ported manually in such a 


of distorting was ex¢ 


minimum 


the cornea. Care also taken to avoi 


pre ssure on the orbits or the 


cinity of the orbit. The initially 


sure recorded after the first penetrati 


the cornea and the advancement of the 


rapidly at is the animal 


and any 


within a half minute or 


Figure 1 illustrates 


reading the records, 


lower excursions of 


mated by eye. The assumption was mad 


iny disturbance of the eye, needle p 
blinks, et 


would cause the pressure to 


r than decrease. When long con 


— 
—_ th 
th, 
| 
ee g the needle int 
1) 
All measurements 
I He } 
~ 
oT 
} 
In “spot” on unanesth 
tized animals, the head of the anima was 
} 
nigh pres 
i typica record It 
the mean value of th 
the pen was approx! 


Pressure CM- saline 


LOADS AND INTRAOCUI AR PRESSURE 


* 
t LO.P. 28cm saline 


0 30 60 
Seconds 


Intraocular he aqueot lhe osmometet was calibrated 
is balanced with NaCl solutions Data from the Inter 
tional Critical Tables were used to apply 

IVity coethcient corrections That iS, the 

ported in terms of an ideal solu 
in water, 1.0 mosmol corr sponding to 

point depression of 0.00187°% 


Free zing 


Every effort was n ade to use a standardized 
technique for measuring both the samples 
and the calibr; solutions Multiple deter 
nations were made on each sample and 
were measured 
reater precision than 
typical Xample ofa 
“confidence 

85 percent 


within 3 mos; 


from the 
minations on a 
about 2.0 mosn ols 


Viation of an iccepted 
irely + mosmols 


applied to the blood 


lering the plasma hy 
In the latter Instance, 
glucose solutions were 


1 into tar 
Into tne vascular systen 


ise, hypotonic glucose was 


iperitoneally. The slow], diffus 


large fluid res 


ity which de ple ted 
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the plasma of more rapidly diffusing crystal The fact that in the hypertonic cases the 


loids points all lie above, and in the hypotonic 
cases all be low, indicates that the osmot 
stress has been relieved, or “strained” by 
Figure 2 summarizes the osmotic data’ increase or decrease in the aqueous 


from rabbits. The circles represent normal, concentration 
t} 


rie 


untreated rabbit eyes. The triangles repre It ¢: be readily shown, under 
sent rabbits whose plasma was rendered hy sumption that the stressing agent passes 
potonic, and the squares, animals whose’ the aqueous with a rate proportional to 
plasma was hypertonic from injection or in aqueous-plasma difference, that is, by diffu 


fusion of glucose or saline. All experiments _ sion, and out of the aqueous at a rate propor 


were done with cons inimals under lo tional to the aqueous concentration, that is 


cal anesthetic. The lid line 1s drawn t by bulk flow, that such a st1 


indicate points nsti iqueous osmotic be obtained when thi 
concentration, that is, it is the aqueous step function and the samples drawn at 
plasma osmotic difference that would be ob tical times. Spread of the points would «¢ 


tained if there were no change in osmotic tainly be anticipated since the alteration 


ictivity of the aqueous It drawn to pass plasma concentration undoubtedly 


; 


through the mean value of the plasma and step function, and since the 
aqueous-plasma osmotic fference for the plasma samples were drawn at 
normal eyes. The scatter in these “normal” from 16 to 30 minutes afte 
values is discussed in another paper. The _ plasma loading procedure. However, the data 
points representing eyes subjected to os do appear to support in general contentior 


motic stress across the blood-aqueous barrier _ that the imposed osmotic stress 
ire seen to lie relatively close to another a diffusion process, and that 


straight line also drawn to pass through the the stress will be about 70 percent relieve: 


an point tor the normal unstressed eyes. in 20 minutes 
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PRESSI 


ita nsiderably gre: rate than 


This 


conclusion that the 


and other evidence permits 
difference in aqueous 


account for the recorded 


Phe 


maintain a relatively constant aqueous com 


dc es not 


ly 
voiumes 


species variation 


position in the face of drastic 


pl: 


} ut 


changes in 
} 


isma composition has been noted before,’ 


it would seem worthwhil 


difterence 


emphasizing 
the between 
spect 
Since most 
ure 3 represent experin 


tinuous record was ocular 


pressure al d the san inaly 
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Hypertonic 
25% 

$% 

5% Giucose in Se 
Piosme Glucose 


Plesme Glucose 


32. 36 
Time 


ure 3 to the line us concen 


tration and the minator the total distance 


between the line of ous concen 


tration and the horizontal line 


passing 


through the meat iqueous 


plasma difference ressed eyes, 


this instance, 2 mosmol n other 


in 
is the f:1 ion istance the 
100 


words, it 


“moved percent 
the 


concentratio o zero stress, which is 


point has 


stress at line iqueous os 


moti 


taken to be the ;ueous plasma 


osmotic difference of 2 mols in favor 


of the aqueous. The ti measured from 


the beginning of the injection or infusion 


that is to establish the osmoti stress. Only 


points with plasma concentration below 300 
mosmols or above 330 n ols are plotted 


Figure 


through zero is intended 


passing 


nothing 


| trend of the stress re 


more than the genera 


lief and f with the 
in be 


with time ison 


Situation in the st 


came approximately 70 p nt in about 


minutes. The most simple kineti: equations 


applicable would actually ct a parabolic 


type of rise in the strain function 


In two of the hypertonic plasma experi 


ments with cats, the aqueous and plasma 


were analyzed for glucose. Interestingly, and 


AND 


Aqueous Gluc 


530 mg %, Aqueous Giuc 


JOHN E. HARRIS 


ose- 234 mg 


ose- 354mg % 


4 44 


n Minutes 


rendered hypotonic 


us, the intraocular 


spect to the aque 
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is increas present wor 
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pressure 


iy nstant 

tterences. In ordet 

le intraocular pressure, 
to expand the pressurt 


When this 


portionality between 


is done, there is 


the 


direct 


lar pressure 


pre 


and the osmotic 


Chere fore, it 


tore’ 


hat 


does n the relationship 


the intraocular pressure and _ 


aqueous osmotic difference. 


492 KN. 
Or 
4 
6 
60} 
. 
= 50} 
= 
—_ 
40} - 
rN 
30+ © 
20+ Ao! 
° ° 
10} 
© 
4 7 2 6 2 24 26 [| 46 $2 56 6 64 686 72 76 60 
motic stress. The straicht te trend os nd doee not 
is actually linear with time 
PE rabbit, the amount of glucose passing int 
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crease in the intraoscular pressure.? 
| vith rabbits 
ous obset 
Hoff’s law, 1 mosmol osmotic concet 
SE Hg pressure difference. It is obvious that it 
§ difference and 
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sistent units, the intraocular pressure would 
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trend it is ne 
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were designed so that the intraocular pres 
sure could be followed continuously, record 
ing the normal intraocular pressure and all 
changes during and following the infusion 
In a few cases, the femoral artery was Can 
nulated and blood pressure simultaneously 
recorded. Of 15 experiments in which hy 
pertonic glucose (25 percent) was infused, 
nine of the 12-studied by continuous record 
ing showed elevations of 15 mm. Hg or more 
in the intraocular pressure, and two of the 
three in which only one measurement was 
nade showed pressures substantially higher 
than normal. Of the four which did not 
show a significant rise, two were infused 
ith 12.5 gm. of glucose or less (although 
the animal which achieved the highest intra 
ocular pressure was also infused with only 
12.5 gm.). These two and one other showed 
signs of poor anesthesia and a definite Nem 
butal effect was observed in both cases. The 
fourth animal was measured by a “spot 
check” with only local anesthesia and may 
well have experienced higher intraoculat 
pressure before the measurement was made. 
The ; | barbiturates to lower the 
ntraocular pressure has been observed for a 
number of years® and the present experience 
in agreement. The injection of very small 
additional Nembutal was several 

ved to produce in immediate fall 

intraocular pressure which did not re 

ver. [his was observed both in the two 
ises mentioned whet I essure failed to 


between the rise with glucose and } i later event in 


pressure veral instances where the pressure did ris¢ 


\ 


Nembutal injections were almost all 
o deepen the anesthesia when the ani 
Consequent! uch a nalysis ma mal ares be reacting to painful stim 


misleadi 


ng for anvthing but a general ica ul under smooth conditions the Nem 
butal did not prevent the rise in intraocular 

upon infusion with glucose, it may 

hat other nervous system factors 

with the barbiturate to block 

ne rise in pressure However, it 

ling that deep barbiturate anesthe 

tself will prevent the hypertensive 
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minutes by a fall to levels below normal (fig 


6). This artefact can be easily recognized 

iris nicked . 
without bleeding 
20} oo” pen fails to move with slight pressure on the 


ov globe. When the needle is removed, it i 


i, 


since the normal pulse disappears and the 


m | found to be occluded, evidently by a clot. On 
LV. Glucose 25% atetineutes several occasions without evident trauma 


50m pulse ceased 
and after relatively long periods of unevent 


ul recording, the pul ation would suddenly 

Time in Minutes cease and the apparent intraocular pressur 


ic 6 —— Js ee drop. Although no clot could later be dem 
of intraocular pressure in a cat showing effect onstrated on the needle, and saline was easil 


of glucose infusion and mild trauma to the irs. flushed through it afterwards, it seems q 


The needle had clotte 

raocular pulse was apparent that the needle served as a foreign 

body for the deposition of fibrin, probably 

extent Pentothal anesthesia seemed to have ina thin film. This implies that slig 

less effect. Nevertheless, stormy induction or to the eye, iris, or cornea, or perhaps 

retching was rarely crowned by success in from the elevated intraocular 

elevating the intraocular pressure regardless caused the slow perfusion of plasm: 

of the anesthesia teins into the aqueous. Recent work 
Mechanical disturbance of the iris isa well reduction of the intraocular pressure by 

recognized hazard when continuous record moral factors liberated by elevated intraocu 

ings of the intraocular pressure are being lar pressures’ may be applicable here 

made. Two observations in the present work It was noted that often the intraocular 

are relevant to this. If the iris is perforated, pressure would slowly drop from its highest 

nicked, or sometimes even only touched by — value, ultimately to levels below normal, and 

the needle, the pressure rise is prevented or, further infusion of glucose would not re 

if already elevated, a rapid fall is produced. verse the trend (fig. 7). Systemic trauma, as 


On occasion, if the trauma is very light, from the surgery of cut-down to artery or 


some rise is allowed followed within several vein or even heart punctures also appeared 
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pitat ly f effect of establishing the percutaneous u 
pressure and to travenous infusion is shown, as well as that 
possible that due to a heart puncture at the peak of the 


released by dam pressure rise. In general from our experi 

ye which ence, it can be said that mildly perturbing 

eous bar trauma at pressure normal or below tended 

to raise as well as lower the immediate pres 

sure, while trauma at elevated pressures al 

ivys lowered the pressure. If the perturba 

tion was small, the pressure might rise again, 

irbonic anhydra nhibitor dichlos but usually it was permanently reduced in 

ide was injected, 15 mg. | kg. at the stepwise fashion shown 

e the glucose infusion was stopped Figure 9 illustrates control experiments 

ten minutes, the intraocular pressur¢ and shows the negligible effect of infusing 

rted to fall ar ntinued to do isotonic saline and the essentially negligible 
effect of infusing isotonic glucose. 


Since all our previous work on rabbits had 


nulating 


venous infusion, the averag » demonstrated a reduction in_ intraocular 


tended to be low, about 70 m1 g. Short pressure when infused with hypertonic so 


ifter beginning the infusion, after ; ! lutions, glucos« well as saline, it was at 
nipulations had ased, the blo pressure first thought that rabbits would not show the 
rose to about 120 mm. Hg hile the intra inomalous glucose effect ver, when 


ocular pressure was ri! xy rapidly, the aver the experiment represented by Figure 10 


blood pressure fel! slightly to about 96 was performed, it was evident that this ani 


o 
ine 


then rose back to >to 118 mm.a mal too shows the effect although to a much 


raoculat pressure s ibilized ; I less degree Under local anesthesia, the in 


traocular pressure recording was started and 

Superimposed on 11 and drawn illowed to run a short time. Then 10 ml 

with a solid line, is shown the result of a doses of 50 percent glucose were slowly in 

smooth experiment with no d1 the jected into the left ventricle. The first two 


| early resulted in a rise in the intra 


treatment in which th tt ul “e doses « 
reached one of the highest levels observed ocular pressure, but the third and fourth 


the present series. T] ght perturbing doses resulted in sharp decreases which con 
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latraoceler Pressure mm Hg 
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tinued to lower than normal levels. This prevented th bsequent ris 


would appear to be another iilustration of r\ re 1 ye question 


the lability of the blood-aqueous barrier i m of the rise in these exp 


this animal and the seemingly greatet It may be tha 
motic transfer of water peritoneum is 


\ number of continuous records were ob born out by 


tained of the effects of hypotoni plasma percent glu 

from 2.5 percent and 5.0 per glucose percent solutions. One would expect 
injected intraperiton il] Two of 1sO ution would deprive the 
these are shown ‘igur In general, tem of water as well a 

the effect was to rai | itraocular re | } I ure down whik 
sure, subject to 

trauma as noted 

Dichlorphenamick way roduced a sharp not 


drop as in | rd i ijected before perin 
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HEART HEART 
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Aqueous 314 mosmols 

Plasma 287 mosmols 
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== 
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Difference +19 mosmols 
300 
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ls of intraocul: ressu n cat eyes showing hyper- 
peritoneal injectior isotonic glucose and the blocking 


rase inhibitor (dichlorphenamide). The steady decline 


otonic glu measured simultaneously with the 


a difference in aqueous volumes. 
Moreover, it will be recalled that the turn 
over rate of various substances in the an 
rior aqueous is essentially the same in the 


iS sustain m1 for over two animals. (Comparative data can be 
an hour before th | found in the excellent book of Davson.)® 
na glucose measured 312 mg i [he discrepancy is particularly intriguing 
In the othe: f thes ‘periment when it is noted that in other systems the 
permeability of living membranes to water is 

greater when measured by osmotic flow than 

with diffusional exchange of deuterium 

oxide’* although admittedly our data cannot 

be directly compared with these obs<rvations. 

One explanation of the apparent discrep 

incy we have observed which must always 

be considered is the possible exchange of 

deuterium tritium with hydrogen from 


water or other molecules. This is known to 


occur rapidly.** Thus the published values 


for turnover time of labeled water 

’ truth at least partially represent an exchange 
blished observa of hydrogen. 

») and In the discussion which followed Barany’s 
paper*® the suggestion was raised that under 
blood-aqueous barriers of the cat under the imposed osmotic load the formation of 
aqueous might be reduced. This may be true 
but such a suggestion does not explain the 


es difference is observed failure particularly in the cat of 
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the osmotic pressure to equalize. Clearly, an 


active control of movement of water must be 
exerted 
Che 


ported however, is the anomalous behavior of 


striking observatio here re 


most 


the intraocular pressure under plasma os 


by glucose. We 


flow fF aq ) at 


motic loads induced did not 


measure the constant 


since we were more interested in 


pressure 


the hydrostati under differing os 


pre ssuTe 


motic gradients and cannot state whether 


this rise induced by glucose was 


pre ssure 


due to an increased aqueous formation or a 


decreased However, the 


that carbon inhibitor, di 


chlorphenamide, pr would 


suggest that the bulk iqueous was 


increased in spt 

was hypertonic wi 
Che ability to in 

sure and was 


restri to glucose 


rise Was 


not observed when _ hypert saline was 
reason for this 

stood. We are 

ited 


plethe ra 


used. The 
is not under 
that it 1s associ 
glucose 
epithelium. This 
odds 
in diabetic cor 


However 


uation and probably 


with the 


lowe red 
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sulin deficiency. The influences nsulin on 


aqueous formation i ne! not been 


idequately studied has det 


an insulin depen 


onstrated | 
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Che observation 
may iltet transport 
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observed an interfer 
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port across the lens surface exposed 
high external concentration of glucose 


We have 


of involvemen 


always considered that the 
het 


some key substance 


determine the te of formation of 


aqueous and have suggested that the 


high glucost 


increasing 


aque ous 
bulk fe 
lnnel 
ouperil 
control of \ across bar 


would expect 


tonic plasn 
plasma osmot 
intraocular pressu 
the rabbit and cat 

The rate of ost 
both 


less than we 


animals but particular 
be anticipated 


iously me: a exchange 


3. Hypertonic glucose 
an anomalous intraocular 
at 

+. The bearing 
present knowledg 


aqueous f« 


of bulk 
particu 
ee  anine, for example, appears to reduce th 
a rate of transport of glucose into the anterior 
chamber As a working hypothesis, theré 
by th posed must 

be i where 
iy 
M MARY 
1. The influence of hypertoni ind hyp 
loads on the aqueous 
ire difference and th 
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pressure rise in the 
, se findings on our 
the mechanisms 
barrie 
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Discussion 
Dr. Ec_mer J. BALLINTID eland): Sever rease in the production of aqueous humor. Al 
Tar e! sig though the rate pr tion was not measured 
‘ technique { n be estimated approximately on the hypothe 
rect nnulatior the ber sis t t the signif nt eftect t the glucose was to 
li nesthet esthet “ I ncrease aqueous humor production without chang 
{ luces 1 1 tur ! tt ilar pre ng the coefficient of outflow 
re ! results t t ntenance < [lo maintain the intraocular pressure at 50 mr 
ir and mercury in the wae tha 
f phenamide experiment ‘ i require that not tes 
The experier estigations wit than 50 microliters of aqueous humor per minute 
7 miliar v tion, in vi ¢ produced. This is at least a four-fold increas 
Ss 1 st tre ent! | re r more ! er even the highest rates t t ive been observed 
| ng nti n the past 
pressure, pt tion of plasr eous, and Su n increase in flow was not found by 
str t ft aque is dr ts. Her barat iis wu experiments similar to these, 
nad ther letails pertol Iructose would like t see re 
not not mprove the past : t experiments similar to these in which @@ 
nnulat ec es tor me iring the ite of eftlux t aqueous 
in most would show whether most of the pressure rise was 
re te at lat , rbonate the effect f change it efficient of outflow or 
that he ether it was the ge in the rate f produc 
The nt f te 
permits las itated transfer of glucose into the pos 
1s t posit terior mber the the pressure elev 
; evement that ng awaited | t , an attempt t bol the effect with phl 
The ‘ te the e transfer 
ervation that the t ministratior Finall 1 would e t ntroduce slight de 
glucose sever te ele gree I kepti 1S! the interpretatior smal 
the interpretation that the 5 luces an it queous humor. There are a number of objesmm 
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ms on syn beef, hi 
thesis of proteins of 1 lenses during the de human « 
velopment of experimental cataracts showed Chese 


that the ratio of the albuminoid to the solublk ilbuminoid 


proteins increases al rl ives of cataract f the path 


formation.” 2 as | wn for a long 
time that during the velopment of senile 
cataracts in man the relative content of lenses _ that 
in albuminoid inc1 wit rogressing 
cataract More ret | it i been shown 
that this 1s the case also n le cataracts of 
nation of 
sociated wi 
portion of 
acid which 
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a weight during the lifetime of the animal is 
constant for various species of the 
to oxidative process in same class of animals. He reported data a 
the lens, and an iner f the synthesis cording to which the total amount of energy 
can take place when oxidation of lens spent per gm. by resting domesticated man 
proteins 1s accelerated either by an increas« mals during their maximal lifetime is almost 
of the oxygen reduction potential inside the equal for various animals and this appears to 
lens, or by an increase in the susceptibility be true in such extreme cases as guinea pigs 
of lens proteins to oxidative agents.* The ind cattle 
role of the latter tactor ppears of particular On the other hand, Met iy’ nd his as 
interest as one part of tine a sociates reported, in 1935, that when rats 
proteins had been s o be inna Tl which are a few weeks old are kept on a dic 
even to strong oxidizing agents.* In add vhich provides adequately for proteins and 
tion to such ocal ft . | vever, other Vita ns. but is calorically deficient. they can 
factors must be ta I nt nsideration bh kept for a prolonged peri 1 of time at a 
which are able to regulat xidative processes constant weight and can be pre ented almost 
ind protein synthesis not only locally, but completely from growing. McCay showed 
in the whole organist! that those animals which under these condi 
One of such syst tors which is_ tions survived an increased mortality due to 
known to be associated t bumunoid for higher susceptibility to infections, lived up 
mation is the aging of t ganism and of to 50 percent longer on the average than con 
lens fibers. It has be n since the trol animals on calorically adequate diets. As 
classical investigations I ner that the the metabol turnover of these animals on 
ilbuminoid increases <pense of sol he calorically deficient diet undoubtedly can 
uble protein with incre ge of the whok be assumed to be decreased as compared with 
Organs! ind of the lens I ell It seems that of controls the rolongation of the 
POSSIDI« therefore { { I I system natural life span 1n these animals could be 
conditions whi cal ( wn t ee related it least in part related to the lowe1 ng ot the 
to the aging o! the wl val m could als etabolic rate 
nfluenc Hee fre itior noid in the It see ed therefor to expect 
ens in the same sense as re able to influ that such systemic factors which increase the 
ence e aging pl ess e organisi metabolic turnove ot the organism, or re 
iX i Spe es sec cte ets W ch pre nee e span 
g 
retardation of the agit will express lbuminoid in the sense that it might be 
itself in shortening rolongation of the ncreased with the rising and decreased with 
life span tf an al I s some suc t} owermg ot the metabolic rate The pres 
gestive, though far nclusive e\ nt report deals with two series of exper 
dence, that the rat ntenance ( ents in which tl niluence of thyroxine 
metabolism of tl vy bye nd restricted diet on the albuminoid fort 
ited to the average I t the at n i enses of four to five-week-old rat 
The fact that the rk I llooded an vas investigated 
mals is shortened se in th 
| Al 
temperature of the » com he is 
URI 
More than 50 year ¢ lax Rubne In general expe ts were irried out 
suggested that certai f animals, i1 n such a way that two groups of 10 animals 
e total a u energ per g ody each were put under experim conditions 
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were 
fifth 


same size 


conditions \ 


whereas two groups ol 


kept under standard 


group of ten animals was 


beginning of the exp 
soluble 

Che 
animals at the the 
28 or 35 days. At the 


iod the 


ether, the lenses 


the initial value for the amount of 


ind insoluble proteins in their lenses 


age of the beginning of 
experiment was either 
end of the nental pet animals 
illed 


immediately, wiped off with filter paper. and 
| pa] 


exp Til 


were k with removed 


weighed in a weighing bottle. Lenses from 


~ 


each of the two and control 


groups were poole ind homoge 


an Elvehjen r homogenizer in 


ight of distilled 


nized in 
a 10-fold amount of their we 
Phe 


it 10.300 


homogenates then were centri 


frigerated centrifuge 
When the 


supernatant was continued for 


resid 


rnatant re 


moved centrifugation of the 


inother hour, 
T he 


ter centrifuga 


no insoluble ue could be observed 


insoluble residue remaining 


tion was twice washed listilled water, 


once with saline, and then > with 


trichloroacetic acid 


supernatant was diluted 
H.O and precipitated by 
100 percent PCA precipitate was 
id dissolved 


N NaOH 


both these solu 


washed with five-pe 


ro-Kjeldahl in 


duplicate * maximum difference between 


the duplicates was less than two percent. The 


nations were 


averages of 


used for the lculatio he amount of 


soluble protei lens calculated by 


multiplying the amount rogen found in 


one cc. of the solution volume F the 
homogenate, the volume of lenses being cal 


culated from their weig] id density of one, 


and dividing it by the lenses 


which were homogenized. The protein con 


was calculated by ving the nitro 


tent 


content by the factor 25. The same 


gen 


procedure was used calculation of 


the amount of albun lens. 


sacrificed at the 


nt to determine 
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A. THE 
rH! 


INFLUENCI RESTRICTEI 


FORMATION OF THE ALB 


experiments on the effect 


m the synthesis of albu 


and soluble proteins were carried out 


experiments the two groups of 
mals in each « xperiment were 
libitum, whereas the two 


groups 


perimental ani were given only 
nificantly small 

To prevent that some of t 

eat much more of the restr 

others, all the experimental 


kept separated in individual 


restricted amount of food w 
rately to each of these 

the five experiments the 
the usu Rockland 
the 


the 


four « xperin 


vere oftered te | 
McCay and 


when 


animals According to 


sociates, this diet even consur 


quantities so small a 
let 


ple tely the 


sufficient at 


nounts of proteins and 


and is only « 


concerned 


+} 4 
RESULTS 
ON 
NOD 
Five of food 
restriction 
contré inl 
tllowed to eat 
ot eX 
a sig 
We;re 
] 
iS ¢ na 
i { CU Cpa 
fuged SEN X «¢ for one hour in a re nals. In four of 
et consisted ot 
+1 
es he average 12 
xperimental at 
following period only 7.0/gm./rat. Of 
iments of this type, in two th 
ees CA). One ce. of the experimental period extended for 20 days : 
nd th f +h nimal + +} 
was 35 days. In the two others the exper 
mental period extended to 44 and 60 days 1 
spe ind the the mit iis if 
by filling up to 10 cc. with 0.5 Em time zero was 28 days 
Nitrogen determinations on ii! In the fifth expe ent the diet was pr 
tions were carried out by micro-H~SCo pared according to McCay and his asso 
ee Starch 22 percent, cellulose two percet 
Hee th two dtm ird 10 percent, sucrose 10 percent, salt x 
ne tire six percent, dried yeast five percent 
sumed about 12 gn rat /diet whereas only 
: g 
his as 
the rats, contains still 
it tia is Lalit cs al 
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In this last experiment the experimental _ the standard pellet diet. In three experiments 


period lasted for 49 days. The results of all the experimental period extended over 18 
five experiments are p1 ited in Table 1 days, in three others, over 10 days 


\s can be seen 1 xperi l with the re [he results are listed in Table 2. As can 


f the animals be seen, the animals which received thyrox 


injections increased their weight to a 
most completely supp d during ; riod much lesser degree than the controls. In all 
f up to 60 days v ot | if five grou 


ps of experimental animals thers 
to achieve as h was a significant increase in the albuminoid 


ise of growth 


ntent of lenses as compared with the 12 
mtrol groups. The soluble proteins, on the 
other hand, showed a significant marked d« 


re: was percentually 


stronger! 


two experimental 

variance technique 
d changes of the syn 
ile proteins and albuminoid in 


s on restricted diet and of albuminoid 


ding t confidence lin 
during the test. Changes in the synthesis of solubl 


ts. however. were not 


riments clearly show that the 


mation un 
thermore, 
concentration of 
concentration max 
per ent 


xperimental 


id synthesis ap} 


he thyroxine 


utaneously a! 


stricted pellet diet, the growth 0 [ie 
thonol thy tr this CASS 
OuL iif ( a 
was ener | tner cas 
food intake in tl nt as under sage than the simultaneous decrease in 
this recime the n ils | to be ex the wet weight of the lens. The rate of syn 
tremely restless at vg vhich c1 esis Of albuminoid was very markedly in 
ited some dithcultv in f reased between 30 and 50 percent as cot 
\s n be SCCT IT tne imount pare 1 with controls Phe Statist i evaluation 
f ilbumu 1 tor | ng the expel of all the res 
menta peri Lt expel series yy the 
mental in fi periments. and shawed that th 
nimals than 1n the controls ncrease 11 vroxint njyections were sig! cant with 
:mount at the end of the experimental period — significant 
Ou 
the came 1 e 1 riction inhibited | 
synthesis of albuminoid in rat lenses 1s in 
*4 uenced n opposit directions bv re tricted 
of I expe! el nnipition 
ae er et and by thyroxine, as illustrated by Fig 
mplisne 1 ST \ sign 
crease in the wet weight of t ens, whic! 
eT <e per ent ot 
ler restricted diet inn 
tine ens ot ntr 
B. 7 N FLUEN( <INE INJE soluble proteins. This 
‘ NS I ‘ I imounts to 1 \ 
vhereas the albumino in 
Six experiments of ( ind wer 
: ] bited by 10 to OU percent | degree or 
carried out nwn tne | I I ection oO! 
nhibition of the svnthesis of oluble pro 
Ys of the Nia salt +} roxine pe! 
100 body weight or e synthesis of lebted to D n W. Fertig 
Wbuminoid and solul ns proteins w the D B tatict f the Department 
] rie Ur ersit nd Iso 
studied. TZ nyected onc 
Mr. I. Pompe and Mrs. H. Perlstein of the same 
lay subc A. «| thx mais kept o1 sion for the statistical evaluat f our dat 
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ZAC 


THYROXINE 


synthesis « 
sents an integrated 


the whole len 
growth, the 


the 


than corre sponds 


the rat ind 


dere 


thyroxine 
thyr 
continuous 
experiments 
such effects ¢ the 


mn 


obs« rved 
\( 


ortrophin Z 


teins were 


ms of 


groups 
ind 20 days 

efttect 
insoluble 


ns 


In considering the mechanis! 


effect of thyroxine on 


ne 
proteins, two possibilities 
simplest explanation is relate 
strongly 
the 

by increas 
As albuminoid 


fer from soluble prot 


that thyroxine 


Is a 


mone which lerates 


body 


proce Ssses 


acct 
constituents 
was 


ins by 1 


HARIAS 


breakdown 


DIS¢ 


HI 


EXPERIMENTS 


inhibition of 


ins pre 


growth 


~ 


this 


the 
re 
rt 


1 in 


lens 


horn 


no 


pro 


ones 


ns 


eriods 
iny signifi 
r solubk 


Sin 


1 to the fact 


catabolic hor 
of 
ing oxidative 


shown to dif 


ts ap] rreciable 


AND GINEVRA ZELMENIS 


RESTRICTED DIET EXPERIMENTS 


on the lens 


influence 


gener 


~ 


hod 
iustra 
ity, then 


turnover of the body 


regarded is equly\ ilent to in 
the over a 
Althou 


tne 


1 


sult of local effects 


hormone on body tissues, 


sent distinct regulatory syste 


nism of higher order due to speci 


tions between products of 


tabolism ot various ti 


ssues, 


icular ti Synthesis of 


ssues 
could be influenced by this gener: 


mechanism as well local horn 


as by 
fects of thyroxine 
Now it 


is clear that 


— 
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Fig. 1 (Dische and Zelmer Effect of restricted diet and thyroxine on albuminoid formation 
four rectangle P eft rrespond t the first f r exper ent ‘ 
n the right side to the first four experiments in Table 1 
teins and albuminoid ts very similar in both content in cystine t is probable that 
cases, and this suggests that the i777 formation is due to a_transformatior1 f 
oth these protec REAR soluble proteins in which an oxidation pro 
ee lens retains t of soluble proteins uld, therefore, explain 
degree Mk characteristics of a yvowmger MMM seithe increase of albuminoid and possibly a d 
EE to the chronological age of rease in soluble proteins found in lenses of 
ME in this sense this inhibition can _ rats treated with thyroxine 
be consi as a retardation of the aging ot In addition to this local effect of thyroxin 
the lens EEE metabolism, however, thyroxin 
In considering the results of experiments could HE the rate of protein synthesis 
must be pointed out that n the lens in another more indirect way bi 
cine injections is not du itS gue! systemic action. If the interrela 
injections as such, as in tion between the general metabolic turn 
vith other Hiiiheasss == mahe life span of the animal 
synthesis of Ibu || fubner’s rule has any ilidd 
| Injections of various leration of the metab« 
prepatr TH. for imstance, in by thyroxine in be 
10 failed to rev ight be the r 
il ie content of th 
of the rat it may repr 
ha 
or certain par 
tens proteins 
il regulatory 
onal 
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albuminoid 1 rn the purely local decrease in the synthesis of soluble pro 


ind 


the systemic influen will exert their ‘ins did not materialize. Such a result was 


identical sense and we may ex to be expected if the mic influences 


gic effects were particularly pronounced in this cast 


roteins 18 
SUMMARY 
effects ot 


l. Restri 1 food intake, which leads to 
sharp inhibition of body growth in four 
concentra and five-week-old rats, decreases signif 
cantly the rate of albuminoid formation and 
synthesis of soluble proteins in the lens 


In rats injected w mg. L-thyrox 
per 100 gm. body weight show a signifi 
in the albuminoid formation 


accompanied by a nonsignificant de 


in synthesis of soluble proteins 


phe 


0001) 
1 
\s lar as the synthes iple 1 
concerned. on the otnet nad. the 
1 
these two tactors W tend f ndu 
eltect will tend t lect th 
tion of soluble ens 1 ns 
whereas the acceleratior the as 
ess Will ten net oncentratio1 
ne at resu orl W i «it ! 
pena upon tne pre ( one ¢ the cant 
the increase in albumu synthesis under non to changes in the rate of aging is dis 
the influence thyroxine ore Marke cussed 
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THE ACCUMULATION OF C* FROM UNIFORMLY LABI 
LUCOSE BY THE NORMAL AND DIABETIC RABBIT LI 


M GILES,* B.S 
AND 
Harris, M.D 


Vinn 


the 


diffusion 


on the 

bathed in 

concentrati 

iodoacetate, fluoride 
umulation of glu 


Ssugvesting 


— 
3 
LED 
NS 
Vinneat ta 
It is now felt that glucose transport int doubt due to the initial high and variabl 
@& lens is metabolically 1 lated, at least in levels of lenticular glucos« Although the 
part, and is not dependent solely on simpl usual procedures for measuring glucos 
; mservations. First, when lens, it seemed likely that the accumulatior 
ntaining a high glucose of C*™ fror uniformly labeled  glucos¢ 
cl} etabolic poisons as might provide a solution to this problem and 
nt linvitrs phen the our attention was thus turned in this dire 
se within the lens 1s tion Also. the effect of de i] sulation upotr 
reduced, guy that these substances 1 glucose utilization by the lens was studied 
hibit some mechanis responsible for the by measuring glucose depletion from th 
ictive transport of glucos Second, when surrounding mediun Furthermors the 
ins] g g 
the integrity of the tens su s dis ipted nfluence phenyiethyibigua Ub 
is by decapsulation, glycolyt clivity is r in oral hypoglycemic agent, on glucose u 
luced Third giu sc 1 ross the tens take by the ntact rabbit lens Was compare 
capsul more rap llv tl il ‘ } etab with that ot nsulin 
olite of smaller size.* 
Che opposite ettect, that 1s n enhance METHODS 
ment of glucose movement or utilization has Rabbit lenses were used throughout an 
heen observed follow ng tl ldition of in were excised by 1 posterior appre acl n the 
sulin to in vitro preparatior tf musck manner previously described lo measure 
liver ind adipose tissue Since one of the the accumulation of labeled carbon fr unl 
postulated actions of insulin is to accelerate formly labeled glucose, the following proc 
the active transport of glucose into the cell, dures were then employed. The intact lenses 
ncreas ce ) \ oO vere piace ster Surtace cow! i 
cost 1 SI r influence on the lens 50 ml. flask containing 15 ml. of a modified 
oht be inticipate 1 It | been observed Ivrode’s solution having a glucose cor 
that insulin did not alter tl ulation or centration of either 90 or 200 mg. percent 
upta oft giucose not! nt t rabbi (Jne microcurie of unifo! \ eled glucose 
lenses.’ but the effect of insulin on glucose was added to this solutior [n appropriate 
iccumulation in diabetic lens remained 11 nstances 0.1 unit crystalline insulin per 1 
, of media was added. The pH of the mediu 
Der f was adjust to tne physi ogic range ph 
Or Mi S n, and 7.32-7.48 
Dey rtment Upnt ersit ol Che incubat on container was flush« witl 
» #PR_1070 mixture of 9D percent oxygen and five pet 
Neurol 1 Dhise National cent carbor loxide, tightly stoppere | ind 
pient f | t-for-Sicht Summer stu- * Supplied t the courtesy S Vitar 
lent Fellowship Awar Cour Corporation, 26 Vark Street, Yonkers 1, New 
‘ t | ~ Yor 
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LENSES 


NORMAL AND DIABETI( 


absolute alcohol and 200 


benzidine, 
id to outline 


the gluc se 


for a known 


Mueller tube 
lved in 10 


| sections 


cnrom 


is per 


under 


counts pre sent 


\ 
placed in a water bath at 37°C. ( 
length of tims 
At the end of the in tion period, th spot. The entire strip from the origin to the 
ens was removed f1 edium, rinsed solvent front was divided into 2.5 by 2.5 
17 
with medium containing 1 dded isotope cm. sections which were individually assayed 
weighed, frozen rap nd divided equa- for activity under the Geiger P| 
torially to separate the tel r and posterio1 The insoluble traction was di 
segments. In some nst s, the complete percent KOH, air dried on sin Zi=”7™_7777! 
lens substance was ! ted evenly over a_ of filter paper and counted in the same 
one inch aluminum plat t. In other cases manner as the sections of the simmmanto 
the anterior and p r lens substances canhic ctrine Results are expressed 
re il O! iu I vrapnic | ire pl l 
tioning 1 | spre ‘ niy on separate the irea correspol ling to the stall iple giu 
planchets Similarly tl nterior and pos COSE pot 
terior capsules wet ned on the same In studies measuring glucose depletion 
nlanchet in some iced on sepa from the bathi fluid. the lens was excised 
rate planchets in others \ samples were s befor then the follow ng proc lures 
dried for one hour at 105° then assaved ere employe 1 If ce psulated lenses were 
tor radi t itv usil 1 thin end to be studied. the sul vas removed with 
vindow Geiger-Mu t ttached to a pair of small forceps and both the decap 
Berkeley Model 202 1 sulated lens and its « ipsule were p iced to 
The fractior the 1 tivity sether in 3.0 ml. of the previously listed 
u ed n the lens 1 hute | ( Ol uninge YU me percent lucose 
to unmodified glu 7 . letermined b Crvstalline insulit 0.1 unit per 1 nt 
DRI (0.1 meg. pet was added to aD 
the lens was incubate n t solution witl propriate tubes. The tube was flushed with 
idded isotopic glucos d above. At 5 percent oxyget ind five percent « irbon 
the end of the I ul I 1 the let | Nice vas xTture ind 1! ubate 1 for six 
rinsed, wi ( ted nd the pi ours at 3/°¢ \fter incubation, the lens 
teins were precipttat n ether-alcoh vas removed fre the tube. rinsed. blotted 
mixture The supernatant fluid and three Irv and weighed. Decapsulated lenses wert 
} } ] } +} lie +} 
hat] nd the residu xtracted vitl For glucose inaivsis 1 " t or the 
mvridine at 100° nutes. Th edium was precipitated with barium hy 
supernatant from tl | edure was lroxide and ne sulfate ind the glucose 
then evaporated t d nece <8 cuo and the concentratior etermined by the method of 
final product was diss n water and ap Somogyvi.'* Glucose depletion was calcu ited 
plied to Whatman 3 filter paper for yy subtracting the glucose content of the 
paper chr itograpl st es. Carrier glu experimental solution trom that of a contr 
se was added at tl rigin to provide suft handled in the same manner but without thi 
1en ucose rive a ned sp ( ens, | Ss express is n 
lsopropy il he 1 ne vater ind grams of glucose lisappearing per gl ot 
il aceti I roportions ol! vet lens per hour of incubation tim 
8:8:4:1 were empl the solvent tor Animals were made diabe yy the intra 
lescending chromatog sting 16 hours enous administration of five ercent a 
] ntion 1 175 1 
if roon Tet perature ror itogra oOxXan sé n 1 adosagt oT « pel 
were stained wit 1 s tion of O.3 gt kilogram body weight. After four days, the 
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level of the blood sugar was determined and when lens weight increases makes 


those rabbits hav i glucose level sit 


yle to compar lirectly one exper! 
above 400 mg. p were used for lens situation with another in terms of 
studies counts per minute per lens when the 
oft the lenses in the \ Situations 
iny extent. However 
per minute per lens by 
As the study of the accumulatio ; constant relationship was ob 
carbon from uniform! mi me compare lenses 
cose bv the lens gress | | ime ap weights aj ly fig 
parent that, under identical conditions, the was observed whether 
weight (as f | 1 cantly influ 
enced the amotl f A if recorded 
Apart fron riations n n individ- noted at any 
ual lenses foun lat the lens extent duc 
weight incre rded accumulation rabbits. Lens: 
of activity per ! lecrea 1 in a linear under identi 
fashion ( fig iy account 
for this obset1 
First, with 
corresponding decrease 
Second, is the 
surface ratio increases 
Third, as the mass of lens substance 
reases, lf absor} whoact 
lens we 


mes less reliable for determining total ; per minute r lens was und 


~ 


greater and the counting technique | step of multiplying 
ertaken 


ity The decreasing activit different 


if the tin 
enough 

accumula 
Stance pre 


wccumulation f1 


Counts per 


Counts per lens K lens weight 


4 4 4 4 
0.240 0.260 0260 0.300 0.320 0340 
Wet Lens Weight - gms 
is essentially at 
closely follows the one pi 


} 
Ol 


substances by the lens was measut 


tained when the accumulation of 


— 
510 
impos 
mental! 
psolute 
rors 
Iter te 
ounts 
oh 
trerent 
ons, 1) 
trerent 
ip the 
nirica 
counts 
it) iV 
sroups of animals to be directly 
mnared 
CU) Val CU 
One of the first problems was to determin 
e course of accumuiation sely 
* yproximated the time course of the 
400 t on of ermentabDk re C1! sub 
+ 
+ + rennrted® in arder that ( 
+ 
+ tormly ibeled glucose may be S al 
= | other index of glucose transport across the 
5 200} —— EEE ens surface. Normal rabbit lenses were in 
cubated in a medium containing unitor 
. iIperer Piucost ( Va ous 
all determine the inetics of the accumulatior 
oT \ Dy he ens Substance ng. 2 
ie labeled 
0.220 
tant 
s 
Fie. 1 
for six hours it ‘ I'vrode’s solu 
tor ntainu either 90 or 200 percent gl S¢ 
nd one uw ( 1 el P 
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fens capsule 
weight 


/ens weight 
ens 


x 
PM pe 
x 


CPM per lens 


systems were used to 
insulin on the accumulation of 
al and diabetic intact lenses 
significant effect of insulin was noted on 


ity by the normal lens 


iny change seen on the 


ibetic lenses. Using 
counts ac 
lenses showed a 


ity than did the 


is difference 


the ac 


xX fans weight 


CPM per /ens 
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i 
20% 
4 2 6 20 24 
Tine - Hours 
50} Fig. 3 (Giles and Harris). Time course of a 
tivit umulated | normal lens capsules after 
being incubated t 37° tor various time periods 
4 8 ry 24 n 15 ml f modifi I'vrode’s solutior ntaining 
Time- Hours 700 mg. percent glucose and one we. uniforml 
eled 
Fig. 2 (Giles ar H rs¢ 
ted for time period P 
15 tio 
00) percent ¢ cu the 
bel olt Ost ( 
] 41 ‘ VO 
icCOTCINg |!) ct i 
umulation undet s given above as ne uptake | 1cU\ 
il ndex of glu ose trar t into the ens ng nor Wa 
\ftey SiX al 1? hot tion the nsuiin to ad 
mulation of activity ft 1 medium con the function of lens weig 
t nit 1 rit +} ul ulated the 
g 2UI perc g e was the 
i i g. pere 
led elucose normal lenses g and 
vas Statisticall int 
present Thus +} nceentration of | ili \ gninican 
| + +} 
unlabeled glucose did not influence the up 1o estimate the percentage of 777” 
take oft the | he nique s thus 
ipl le te the | ns hen a hig 
The amount of isotop dated in th: 

- 
ens capsule si V1 gure Per | 
wejoht the ot Y 

sule Vas Conmsiderad ter thar that | 
| 
ect ‘lating in t stance itself | GY 
Chis woul e expect the spatia | 
itiol Or *he ‘ e mediut 50 |- 
| 
pared t the ri the lens \ 
hicher metah. ‘ r the surf 25|- 
in 
no 1 terintr — 
tel { ‘ Insulin insulin 
rately eneralily OU reent ore ( 
un mi 
Similarly the rtion of the ens ‘ of paire on avetes 
he Pyrode t taining 200 per 
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CPM per lens X lens weight 
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hours. Uggg removal of the capsule, this 
depletion was reduced to about 55 percent of 
| the normal value 
= 
om | Glucose uptake by intact diabeti enses 
100 was considerably lower than that of norma 
BRE lenses. Decapsulation of the diabetic lens 
75} Yy further reduced the amount of glucose re 
Y moved from the medium. In fact, in several 
50 F GY decapsulated liabetic lens systems, the glu 
Y cose level of the medium was slightly higher 
25} GY it the end of the incubation pet d than it 
4 was at the beginning It see proba yle that 
these findings are in large part due to the 
Normal Diabetic 
initial high level of glucose in diabetic as 
compared to normal lenses. In a series 
ibated at 3/7 {1 rabbits having blk od sugal levels rat 
hed Tyrode's solutiot tall WU percent from 360 to more than YOU mg. percent at 
the time of deatl in excellent correlatior 
was noted between the decre ising uptake I 
cumulated activity 1m the le ntributed by glucose by both intact ind decapsulated 
p cnr lenses and the increasing blood sug evel ol 
gt iphir separation of the ticular mono the animals 
saccharides was undertaken. [hat activity ot \s had been pre usly noted,’ the add 
the lens which 1 grated 1 distance corre tion ot nsulin to the intact lens syste 
sponding to a stainable glucose spot was caused no increase in glucose uptake. How 
easured nd cot part 1 to the total activity ; er, the vdditior of 0.1 unit of insulin per 
found in the lens. In the nor 1 lens. about ml. to a decapsulated lens syste nerenencd 
62 percent of the total act ty 1 rrated this olucose disappearance by about 28 percent 1 
| g glu lisa] iran | 
listanee In the diabet let S4 percent ot compariso! vith its untreated mate 
the tot vet ty grat tance In contrast t the failure aft nsulit 
owl extractiotr ‘ re outlined ¢ +] ntact lene is th dit of 
wing | he inta el ! ie 
itog! iphic sti pw tour inder the glucose f 
spot. the remainder of the t tv being in 
the ether-alcohol precipitat When extracts . 
0.30} 
of normal lenses were ht itographed << 
008 
vithout the addition of cat r glucose, only © 
1 su estion Of a stamabdi wot at the Same evr 0.13 
33 
listance fror the rigin a ntrol glu Se 
cost was oO ( > | 
enses showed y si spot at this Y 
listance 
= A 
without With 
> nsulin nsuliw 
RB GLUCOSE DEI 
The normal intact lens depletes glucos« I 6 (G | Hart Compat 
from the mediut it a rate of slightly ovet 
0.7 mg. per gm. of wet let ver hour oft : 0 rvrod 
incubation time whet ncubated for six taining OF g. | ent ¢£ st 
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into which 


giucose 


‘ a more rapid 
than would | 


if 


ILS mol 


fluence this 


the 


significant quanti 


s use by the lens 


aqueous 


iS pre sented to the lens 


TABLE 1 
e] by 1 W cular size. Insulin does not ina 
wit it ed DBI incubat 
olut ntaining 90 1 cose, Result Chis failure of insulin to affect the intact 
a - mn ted per ir per lens in vitro may be due to one or more fac 
wet | We 
Tors 
Lens Pais — First, insulin may not enter gaa 
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[he system described alloy a ization we have also produced . 2) a 
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ve ncerned I I wit | lar id camera 1S l, the esu is ay lable 
1 ¢} natier irr ly 
edure al 1 equipt ent esi I il electroreti or some ime and the patient 1 be irrevocably 
I tor some eal re part lial gone, betore the electroretinogral! een read 
} } ratear } 
iT recent months gnments giver We have theretore idopted il ie tory the 
1S the new Int t Soci Clinica procedure « ising only e ink-write with a spe 
ectroretinogray] i ndensor system giving a relatively high time 
rhe problem of stat I t not ew one nstant) for routine clinical electroretinogram. For 
it Ss een considere t yorkers t esear purposes we col bine tor i number ot 
isu from the wrong ew. The wonder reasons simultaneous ink writing and oscilloscope 
tu ivances in elect ng ering yu t recording, using either Grass Kymogray mera 
ex te is ft the extent t A cet ft t equip ra Pe oid camera n accor ince wit the re 
ment is the servant f 1 j | trend is first irements of the experiment 
to ure ¢ igetr I t 1 1 lure ihe essayists also object t the use f a strobo 
M h utilizes the equi t scopic light source, meaning probabl 1 gas dis 
I believe t t I ent sl 1 be harge tube because I sional artil tS at the 
etermined the gt troretinogral f firing and becaus« their spectral cot 
test. Based on one’s knowl retu phys g position. Small artifacts do, indee ccasionally 
ind electro] s re ne first aSk onesell ur, Dut est are Over iong rr re i retinal 
hI tral my t 
1€ 7 valid esponse 1 V1 \ LOT pt ] 
procedure w \ ¢ ! shortest possible [ wonder whether the authors have ar evidence 
tir ximu! ntoare ‘ regar ne their il t it ¢ not suit 
hy ty elect: recnones 4 electroretinograt It will lepend, of n the 
} i¢ | eed pe 1D€ Fra 1S, r exampic, 
1 one’s equipment ar wer obtains tinct advantage in using X enor Jeor 
lo some extent the « ts ‘ e this. Dr filled gas d harge tube and u paring the re 
SOI elieves t t i! suits 
emation } relving pt pectr Last! word about the elect: tinograt 
Covent electrore / This assumpt ulator of the authors. The purpos: levice 
lestione I to eck whether a given equipment epi 
tior for repetitiv tir e fos nv stré ne to a pl tocel energized in sucl fa na 
est. Mos period pr ice a simulated ul ele etin 
ot the eves fflerent pat luring the 1 square wave prov les a better test the equipment 
prior to the test differs ¢ ‘ fluence f Rise time vers ~ ’ at re 1 re eas 
eT ‘ it least during e firet 18 ¢ te t is entirely conceivable ¢ P P pment 
ed pre ia] eve ele rore nograr I etl 
essent I standardiz p! grams trom patients 
\ few et | In essence, ther | believe t f 
nternr | () nr nt ler ret 
ecessa er] eve. | vice versa ir preset I w le ‘ ‘ po 
not aware of ar ant e to equiy tentials does as yet not per on Gu elect 
ent ire reporte ‘ erat ele retinograt procedure t est I 
I 
t! gral elect ectt et ot versatilit theretore n pment 
wor! ‘ exis lesion Is ild want t the ec w the 
re expect tft t nre iagnost value in electroretit oT 
the « would lamag t efore t ead ncreased by the use f their equipment ’ wy 
t » 1 protect ’ the S¢ readily it in be t fie $s our 1 edge grows 
volt ertainiv ¢ k Dr. T } hye nlionernts 
essent he diecarded ¢ hae heen Avis nd int re evet 
e | ( 
‘ e per ire some Saline ) 
eds t t ft et S rat im 1877 
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. . 
nd a definite nr rar role renprody e | ts e sl s al ! 
and a d e progra produce t jus 
and again a similar patter electroretinographi I would like t show 1 some f ther | S 
response ] ipper be trot series ndiv tals 
I must say that we ent to the far who have pigmentary sease or discifort seas 
electron levice that nstrated ere the macula. S« $s ted ang id st 
today, but we do us¢ t t ere t proto Fig. 1) es Ws w wt n demonstrat 
which has a time tactor fig We have t our method. These are polar photographs take 
technique now for period of over two years, al lirect trom the t 1 ~ pe, al t 
I feel our results do x e us re | e te ni es might be ne mt im the swer ft Dr Bur 
and reproducible finding over a period of time wh This happens to be the nor nd it shov 
can be used t mpare response t Flee 
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‘ th 4} mnlifier indenendent of ti nd jt 
iT} he a UU mi s 1s ot the ampiihe independent of the eye and its CO! 
white line. Y« see alx the rmal, taking botl nections 
eyes Simuitan isly, the t ne is the ett eye | would so agret nat a square wave signal 
and the thin line the right « You see ove the would be the best test of the pass band of the equip 
normal and below the { t ment, and it can be readily obtained from commet 

[ would like to point t there 1s an interest ( y available instruments 

lifference nrst teristi of the Dr J H osing ) Dr Burian let 
a-wave. You will not the e make rathet me in on a secret. He told me the way to talk for 
~ rp siope; int s t see st rise nd thet nger than the time otted 1s to get ir friends 
slowly makes nvex é vnward. You w to ask questions. I appreciate that they did 

so notice that even t sa nge in the Let me take these points one by one, if | may 

ibratior ere, there I ng t the vave As fat S the uestions Dy Ds breinin are con 

it ] ther } } 

2) | ppe e tne Sat tient VWe erme na S also vers some ners, the char 
have increased the t f the stimulus, agait teristics of the fuse The fuse we use 1s a ver 
in the darl gain with 1 . Ry the w { ticl ting two milliampere fuse. Concerning the 
standard Grass 1 itor. Here we ecessity for suc protection, I can tell that I 
notice the trie \ I patient wl ot orneas denu ed iS a 

gai I 

ere we have the nvex rve vith the ghit re t of the need for it 
nhoat tir tor ct ré GSlter newer in part. to definitely 
ic sti Bu , de el 
think the fir gs here Again t 1 without question that two n umpere fuse 
the tient ling is will breal he re 1 W ll get il lar age to 

evenet! enti the eve | not exacts ertain that a high re 
scoton n re 0. No retit nge sistance will work quite as well, but I think it 
s observable probably w ld. except that it would alter the 

Here is the 1 , one er’ put impedance iracteristics of the amplifier 
haracterist ponent The 1estior f the ink writer versus the 

wave oTe€ o date we ow orn 
same | tient response if eT rew nical signif neces ft t you 

} 
is yrt-s pe I t get wil the int vriterT Lhere re exce] ms 

filter nserte nd the retinograt f ling f the 
eT rp re tne I he let Is s Dr R ni hacked us 
nd ere t ‘ lue filter Ag er mice t solute possible o obtan 
the nvex t A wit ni vriter ihe st I] mponents of th 
light! red | indoubte wave nnot he tained 
hange 1 would be lhe Iw gree that these re not ve! many, but 

set ft \ the 1 ner t the t intormation we 
Fig He we t er We he onori hle infor tot lor think 

+} er t n t Ve ne w | tt t e fhidelit an. oscill scope 
or et ther ¢ as writer. I believe this 
on Sdelit | not believe it wise to ignore 

| 6 is the 1 1) per st nd flicke et S f the rve f the electroretinogram just 

vil ver s indi se we not et know their onit nce 
vho ppens tf ‘ for legeneratio! Concert the est f flicker, | agree con 
wit n¢ 1 stre t marked rf t pletely that it not be obtained with this appara 
flicker res] 1] my ‘ feel t + the flicker te nique, while 

y essent tent with this was to htair 
same means ettit rest e thr deep red 

I would cet nm that Ds or Ve e to get a response throug! 

he he ted ttemnpt to 70 Wratter er we wit 

| 
eel t tive Dor r t tior f trol pe, makes the 1 ndescent 

rement wv is esse , rned with poter performing both techniques nd I feel that 

tial ore resistance ‘ tal thic minK hetter nfarmatior+r 
ser vol , ‘ ‘ irrent t ‘ Alc using this techr ne of filmed re rding 
lues at ory 1% a = on ble to superimpose sequential tracing Ir 
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sure ou are all aware that the re mportance i leterr ng pl tol 
is a very importar 
tf the techniques which has beet nn was the nly one to whom | 
t is the use of a frequency analyzer had#™™ shown this paper prior to today, and he really 
MMM suse of the st: scopic flickering light. | elped me enormously, and I want to thank you 
lon’t want to take too much time, but I will tell sir, tor your scussio1 
you that it is our feeling that superimposition of In so tar as the simulator is concerned, and its 
. is as good as or better than the vantages Over a2 SE generator: 7 
ilyzer vhat can be must run 
is unquestionably i portant 4 square wave generator at a number of fre juencies 
gram might be altered to do und test the apparatus at each. This is more difficult 
our patients in the waiting to do than to just plug this machine into the input 
mn! Of illumination for a period \ ilthough since time and other racteristi 
f half hour. but | ore thic lea] he letert ned arith square W enerator 
The uestior being hle ¢ see the tracing } using this ' tor we are ble to judge. more 
mmediate} solve by sing a | / pl sphor ot simply and eas! \\ t we re re terested ir 
The st gum by Dr. Bur sked what car retinograt 
he done with this that nnot be done with anvthing This levice is less expensive to produce thar 
else. We ive found it much easier t get a measur generator Satis! ualit nd ¢ er ft u 
f a response Isine leep red filter with this n the : ] t tior 
te nique than with the troboscop This we feel 
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tration gradient. ( 
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termed ‘permeability’ 


latter factor can be 


for sake sim 
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plicity.) The method employed does not dis 
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instances the cation exchange during refrig 
eration is essentially the same, we will con 
sider that any measured change in recovery 


is due to a decrease in transport. 
Methylene blue was added 


(ther 


as indicated.* 
additives such as hydrogen peroxide 
catalase, and albumin were used as described 
added 
incubation at 


equil 


These were after refrigeration and 
before 37°C All solutions 
were ibrated with particular gas 


mixture under study prior to use. Early in 


the study nitrogen was used as the diluent 
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1f using commercial preparations of 


btain anaerobic conditions was 
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gradient and the movement ai’ 
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re respectively the cat trations after re min Ross, Department of PI gy, Universit 
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inents, not requir 
5% 0, 21% 3% 7% Os 95% Ne 
are 
Fig. 1 (Harris, et al.). Effect of v s oxyger EFFECT OF OXYGEN ON IE ACTION 
tensions o1 tion ré t lenses Iring 
METHYLENE BLU! 
incubation at 37°C. fe ving , ed tior 
Each bar repr (5 10°°M) blocks catio 
ind 5.0-pet1 ent irbor d 
er, the oxygen Is replace 
the eftect of methvlene blue 
ration requires 
col pletely anael bic cond 
ssential. Thus when 7.0-pet 
mixtures n our early studies, S was done iqueous 
by displacing water in an appropriate con Ps sing mixture a fairly sub 
Total Base 
Potassium 
Pp ‘ iu 
( Proc 
Mixture dure* | Lense 
Frest 
Lense 4 3 7 2?.3+ 4.9 66.5 1.3 145.7 
95 88 8+15.4 59 .2?+15.4 66.8 10 148.0 
5 CO 69 125.1+ 7.7 24.3+ §.2 104.9 94.6 66 .0 1.0 149.4 9.0 
95 He l 12 101.6 5.7 45.9+ 6.9 66.0+0.2 147.5 2 6 
5 CO 12 128.9 17 5.4 125.2 96.6 66 .0+0.4 152.0 9 5 
wed by ibatio at 37° 10 ‘ 
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rABLE 2 
EFFECT OF VARIOUS OXYGEN TENSIONS ON ATION CONCENTRATIONS AND WATER CONTENT OF RABBIT LENSES 
INCUBA D IN HE INDICATED CONCENTRATION OF METHYLENE BLUI 
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Methylene j Mix st 
Blue 
Water Wr 
5x10 M 1 5 ( 19 63 6.8 88.5 34.0 67.6 3.0 15 31.8 
50.8 3.5 103 6 0.0 0.0 69.1 3.0 154.0 34.4 
5x10 °M ) is 8 6 6 9 66.2 0.8 146.4 
‘ 16 11 9 5.3 ) 65.8+0.6 145.5 2.0 
5x10 °M 11 100.9 0 46.3 8.8 65.67+0.5 14; 8.1 
11 124 4 4.0 1.0 103.6 2 9 65.8+0.4 148 8.5 
1x10"M 1 ¢ 6 0 6.1 14 6 1.0 146.3 10.0 
00.3 1.9 12.1 56.6 5 8 67.3 148.0 30.5 
ix10"*M 1 ( ) 16.6 6 65.6+0 149.5 28.5 
123.4 6 2.4 3.8 100.0 9.6 65.5+0.6 15.8 
tes re y 10-4 t 
| te t 40-46 | at ed y t t 37" x 
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tormed when certai ibstances, for eX 
in pl protein re re oxidized x? 50 
by methylene blue phot | : 
contains only a s lantity of italase 
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COMMENT 
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tion transport (table ver, it was. hydration. We are unable t 
observed to afford protection difference between results 
igainst the effect or m tl | n blue (table ind those 
+). There was no quantitati benefit vast. Artef 


fact when the concentration of the enzyme have occur 


was doubled, less protection was seemingly — the present 
ifforded 
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EFFECT OF CATALASE ON CAT10 
Total Base 
Water 
Re over ‘ eq 
Water gr ater 
KK N Wt 
0.0 68 88 8+15.4 59.2?+15.4 66.8+1.0 29 8 
? 69 125.1+ 7.7 24.3+ 5.2 104.9 | 94.6 | 66.0+1.0 149.4 9 0 
l 86.4 6.5 53.1+10.0 66 5+0 90 139.5 7 7 
0.1 mg./3 ml 4 171.0+11.5 ??.9+ 9.8 0325 98 1 66.7+1.7 143.9 8.8 
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TABLE 4 


EFFECT OF CATALASE AND PROTEIN ON THE CATION CONCENTRATIONS AND WATER CONTENT OF RABBIT LENSES 
INCUBATED IN 5X10™* M. METHYLENE BLUI 


Total Base 

Potassium Sodium 
Additive . meq./1000 meq. /1000 
gm. Water gm. Water 


meq meq 
1000 100 gm 
gm Dry 


Water Wt 


31.8 


10 
meg 


Catalase 
20 | 


mg 


Boiled Catalase 
10 Units—0.1 


mg./3 ml 


Albumin 
0.0651 0+17 


3+ 34 


ng 


Indicates refrigerati I ses for 40—46 hours it OPC 
Indicates refrigerat f lenses for 40-46 hours at 0°C. followed by incubation at 37°C. for six hours 


dicates that the majority of the energy pro- multiple actions. These have been discussed 
duced by the lens is provided by anaerobic previously and need not be reiterated in de 


metabolism.™* tail. 


The oxygen dependence of methylene blue They include the effect of the dye as an 
in the concentrations utilized fi the dat: uncoupling agent as well as its possible in 
which has been observed using fluence on a redox pump in the manner sug 
It should be emphasiz« it this oxygen de gested by Conway and Kernan.’® We know 
pendence bears n relations| l to the ques of no published evidence that either of these 
tion of t ren 1 f the lens under’ effects requires light but have observed a 
normal circumstan ry m photodynamically induced reduction in the 
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sponse of the lens to the photodynamic ac high energy phospl 


phate content of lenses in 


tivity of methylene blue most likely results cubated at 37°C. for 24 hours in methylene 
m oxidation of some key enzyme or pro-_ blue solution.** Whether this is a true un 


peroxide which coupling reaction cannot be stated at the 
idation is prob moment. Nonetheless, the decreased avail 


y hydrogen 


ability of high energy phosphates is un 
reasons for tl rotective effect of doubtedly of significance since the immedi 
although fairly small, is not too ate energy required for transport probably 


ay relate to the fact that they pro comes from these linkages. Although such 


an alternate ubstrate. Likewise, < findings tend to emphasize the effect of this 


methylene blue-protein com} may | agent on transport, the possibility mentioned 


formed and the availabilit ethyl previously’ that oxidation of a protein con 


blue thereby reduced stituent at a limiting barrier may permit a 


The findings here described further em more rapid diffusion along a concentration 


phasize the fa hat methylene blue has gradient cannot be ignored. 
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SUMMARY ing photodynamic oxidation does 
1. In contrast to previous findings, oxy cation transport. 


gen has not been found to be essential for 2. Omall amounts 


cation transport acro ns surfaces in 
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he photodynai 1 tion of methylene ene 


on cation transpi xygen depend 6 photodynamic effect of 


blue results from the oxidation 


3. High concentrati f methylene 
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In the first part of a study of the relations 
between pupillary responses and visual sen 
sation’ we examined the pupillary reactions 


of the dark-adapted eye to intermittent light 
stimuli of threshold intensity 
threshold for white light 


The pupillary 


was found to be one log unit higher 


than the subjects’ absolute visual threshold 
Correspondingly, the pupillary threshold for 
red light was slightly higher than the visual 
threshold 
light 

were presented, it was found that pupillary 
the 


ror 


red light. When intermittent 


white stimuli of increasing intensity 


reactions evoked by light stimuli below 


photopic threshold showed a long latency 
period, low contraction speed, and small ex 
tent. When the I'ght stimulus was prolonged 
1/10 second, the 


tion was not prolonged 


beyond pupillary contrac 


In contrast, pupil 


larly reactions to white light stimuli above 


the photopic threshold showed a shorter la 


tency period, faster, more extensive con 


t increase in extent and 


and a grea 


the 


traction 


duration of contraction when the light 
stimulus was prolonged 


We 


and cones 


concluded that retinal rods 


furnish affe1 pulses for the 


pupillary reflex to ligl The cone-function 


have separate thresholds, 


Che 


ettecti 


rod-function 


for 


and 


just as Vision cones 


though less 


sensitive, are more than the rods in 


producing an extens! nged pupil 


lar y response 
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more detailed comparison of the pupillary 
reactions elicited by white and by red light 
stimuli of low intensity, and with a study of 
the effect of adaptation to bright light upon 


these responses 
METHOD 


As in the previous experiment,’ the pupil 


logram was recorded while series of inter 


mittent light stimuli were presented. These 


records were obtained with the aid of the 
electronic | h,? an infrared-sensi 


tive scanning device which furnishes 


upillogray 


accu 


rate, continuous traces of the pupillary diam 


eter and reactions to light or other stimuli in 
visual darkness or at any level of light 


adaptation. 


The subjects’ eyes were adapted to dark 
) bri 1 


ness, t ight white light or to bright re 


light (cf 
adapting light and for the test stimuli was a 


tube 


below). The light source for th 


Sylvania glow modulator which was 


used in the same manner as before.’ For the 


purpose of the present study, test stimuli of 
f 1 


used in four-second cycles, that is, with three 


one second or 10 second duration were 


second dark-intervals between one-second 
second dark 


rht 


light stimuli and with 3.' 
10-second light stimuli. I 
intensity was controlled by Wratten g1 
n 0.1 log unit 

| 


stimulating | 


vals between 1 


ters, graded 1 steps 
ight, the ht 
through a Wratten No. 92 red filter 


Five normal subjects, iged 17 to 34 years 


| was 


were used. Four of them, namely the subjects 


A, B, C 


vious experiments 


and D, had been subjects in the pre 


On each rimental 


day. the subject’s visual threshold was detet 
mined within 1/10 log unit, for white and 
10 second and of 


for red light stimuli of 1 


AT 


ADAPTATION 


The 
stimuli used for each subject was based on 
thresholds of the 


brightness 


1 second duration intensity of light 


the visual and pupillary 


subject rather than on fixed 


value 


\. NoORMAI OF THI 


WHITI 


DARK BY 


AND BY RED IW INTEN 


we presente d 


‘onsecutive r red test stimuli of 


second or of nd duration in 


one 
four-second cycles and n | the number of 
flashes which were seen series. Three 
| each time 


ubjects for 


such test-series were 


Che visual thresholds of our s 


f nd 


duration 
ranged between 10 ind abo 10-*-°, that 


seen with Wrat 


white light sti 
ul 
is, none « 
nsmission while 

re seen with 

Phe 
second 


nses to one-second 


insmission 


ot one 
and 


ex 


uniform from 
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periment to experiment and from subject to 
threshold for 1/10th 


variable. In subjects B, C 


subject, the second 
stimuli was more 
and D, the threshold 
and red stimuli was only a little higher than 
The difference 
in subject E and much 


greater in subject A (tables 1A and 1B) 
The pupils of all our subjects failed to re 


for the shorter white 


for the longer stimuli was 


greater 


slightly 


spond to light stimuli of visual threshold in 
well to 


that 


and C rea 


10 


than the 


tensitv. Subjects B 


white test stimuli of intensity, iS, 


0.5 log unit brighte1 absolute visual 
g 


threshold. In subject E the light intensity re 


quired for pupillary contractions was 10-* 
ind D 10°%. A mechanism 
these individual dif 
1 later 


between 


and in subject A 
partly responsible for 
il] be 


difference 


ferences W describes 


Che 


needed 


the intensity 


visual and for pupillary re 


for 


is smaller for red than for whit 


All 


pupillary contractions when the stimulus in 


sponses W 


stimull subjects showed distinct 


test 


tensity was raised 0.5 log unit above the vis 


ual threshold for red light 


pupillary reactions 


of low intensity are 


ong latency period, low 


As 


by a | 


characterized 
duration 


speed, mall extent and short 


in exXamprle, 
subject 
10th se 
ness levels 


Che 


cre ised 


tions of 


uli of 1 


latency period of t 


ly from second in 


progre SSIVE 


the threshold react: intensity 


10°°) to a of 0.27 second in 

1 100 percent stin 
the extent 

incre: progressively 


the 


question arost whether the latency period of 


i and « ent an u 


us 


iu intensity 
of the 


from 0.25 mm. in a to 2.25 mn 


espec tively ) 
contractions 


In 


eflex depended primarily upon the 


i given T 
extent of the reaction o1 upon the intensity 


of the stimulating light 
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» text.) 


[his question was answered by the fact 


that reactions ith different extent often 


0./ SeC.—> 


Wher 
intensity 


pill 


riven 
the u iry 
tions \ 


t10n to re 


As 


aries considerably f1 i¢ 


action and from individual to individual 


pointed out before,’ such variations 1 


n 


extensiveness of npathetic 
y difterences 
of supranuclear inhibition. ( 

nic-hypothalamic mechanisms 
brought into play by psycho-sensory stimt 
by spontaneous thoughts and by emott 


These mech: 


affect the pupil, firstly, 


the acul nucle 


secondly, by send 


by inhibiting omotor us an 


wulses via the 


Both these 


ing im] cervi 


cal cord and peripheral sympat chain to 


the dilator of the pupil 
the extent of 


influences diminish 


pupillary lense, emotionally 


excited subjects Tore 
Sive reactio 


In 


reflexes is not 


subjects 
i of the 
the 


laxed or ti 


tency perio 


fected emotional state exce pt i 


of extreme supra-nuclear irritation 


For example, Figure 2,a shows the reac 


tion to a low-intensity light stimulus in sub 


g 
ject D, a tense, excitable young woman of 22 


Figure 2,) shows a reaction to a similar light 
g g 

stimulus in subject C, a 17-year-old girl with 
The lat 


average supra-nuclear inhibition 
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ency period of t two reaction ke, le that the prolonging-effect might be a spe 


even though the reflex > w ilmost times cific property of the pupillary cone-function 
as extensive as the reflex a rather than a quantitative effect in the neural 
In all our subjects, reactions to threshold However, pupillary reactions to 
tensity white light muli showed latency I ld in y red light stimuli, just 
| reflexes, failed 
to threshold 


example, Figure 6, a 


low-inten 

subject to 

tion, ac 

subject’s visual threshold 

the degree of supra 

nuclear inhibition. When series of light stim 

cause mt mger, mor nsive contrac uli of variou ities are presented, indi 
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intensity but idual reactio to timuli of very low 
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TABLE 1A 
VISUAL THRESHOLD FOR WHITE LIGHT STIMULI OF ONE-TENTH AND OF ON! 
SECOND DURATION (TEN EXAMINATIONS IN SuByect A) 


Light Intensity 
transmission ol 
gray filters 


Subject A 
1 second 


0.1 second 
cond 
ond 
co id 


second 


shown b ch subject was 


reasonabl 


ability of pupillary contrac 


ries of whit 

brightness 
recorded on fading upon 
i week later reaction of a 
have repeate riments with extensive one. 


similar results up to 18 1 a period Subjects ¢ 
months 
5 shows the variations in similar 


eflexes of subjects A and B 
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540 OTT) 
2-4 
10-+ 10 
7+ 3 10 
6-+ } 10 
6+ 4 
; 
1 second 10 
0.1 second 9 
1 second 2+ 8 10 
0.1 second 10-4 14+ 6 
1 second 2+ 8 10 
6 
0.1 second 1+ 6 10 
1 second 2+ 8 10 
0.1 second 7 10 
1 second i+ 6 10 
8 
0.1 second 6+ 4 10 
1 second 8+ 2? 10 
9 
0.1 second 10-4 
1 second 7. 2 10 
10 
0.1 second 5+ 5 10 
tern of responses EE It will be noted that in subject A the first of 
repeated with MEMMMMMe reliability. Figur each series of ten reactions was alwavs the 
+ shows the va iii: most extensive one and that the responses 
tions 1 declined rapidly. In contrast 
ind oT subject B showed mk such 
level epeated elicitation, and the first 
the s series was usually not the most 
We 
D and E showed the fading ef 
| er degre It was absent in many 
ictions (fig. 4), but when avert 
series of light (=. ages were computed of ten or more series of 
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TABLE IB 
D FOR WHITE LIGHT STIMULI OF ONE-TENTH 


JURATION TEN EXAMINATIONS IN SUBJECT 


Light 
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gray filters 
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» regard this symptom as undesirable, 
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tively high pupillary threshold with 
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iriability of both visual and 
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the greatest v: 
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ided in a simi 


ms We tend 
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1 se 10+ 10 
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0.1 se i 10-4 10 
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rather than a1 lbrain phene 
subject \’s visual response I table 1B who showe¢ 1 the fad ng ettrect 
lar way as her pupillary reacti coal east, had low visual thresholds for short 
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pillary behavior of thé ght-adapted eye measure up to about on ilf to two mn 1 
Phe pupils art ree I 1eT n darkness extent th the I istest I ite lla on 
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re as they ness 
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It 1s obvious that i not hope to cle had be 
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az b2 
Fig. 6 (Lowenstein and Loewenfeld). Pupmtary REACTIONS I D BY RED AND BY WH 
STIMULI OF 
Puy grat f 34-year nor man. The diameter of the ft pupil is plott the te 
n mm.) against time as the $s in 0.1 second units). The eye was complet lar} pted. The 
rrows it te the ft ‘ i ¢ tati ot 1/10 se nd lig stir 1 wher the to w ins nsite 
were 
1. Puy ary thres 1 tor white ght (10-§-5), one log unit brighter than the subject's \ 
’ | for white light sti f 1/10 se 1 duration (10-%-5) 
1. Pupillarv thres! far eht (10 one half log unit brighter than the sbiect’s v 
) 
thres ld for red light stimu { 1/10 se nd duratior 10 ) 
12 and a 3. White light stimu ne and two log units respectively brighter than @ 7 (10 , 
10 ) 
> and . Red light stimu ne and two log units respectivel righter thar 1 (10-4 ! ) 
\ ners ‘ ¢ stimuli proved ou * more effect ‘ 
t the red-light re and ? were more extensive nd faster t ‘ aht 1 
bout two per second when bright light is MMMMMMLy light stimuli in the presence 
used, while extent and frequency diminish of such vigorous background activity. In out 
vhen the light intensity is reduced. ‘GE- = studies on the influence of light adaptatior 
remain equal. Even when only one eye is ex xperiments as follows 
Dose 1 to light while ts fel w-eve remains 1n idapted the eve To! > or tw 
larkness, the pupillary movements of the rammmmm to bright light, then turned th 
stimulated eye and the consensually react ng id pting light off and began to stimulate 
Opposite eye are ¢Xa tly alil with intermittent low-intensity white or red 
uli as soon as possible, usually 
MMM redilate (third line of Figur first five to seven seconds in dark 
e 9 illustrates such an experiment 
three test series A, B and C, the eye 
, en pre-adapted for 1.5 minutes t 
vhite licht 100 percent intensity 
gl tens! 
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Fig. 7 (Lowenstein and Loewen- 
feld). AVERAGE EXTENT OF PUPII 


LARY REFLEXES ELICITED BY WHIT! 
LIGHT STIMULI OF DECREASING IN 
TENSITY 

The height of the columns indi 
ates the average extent of reactions 
obtained from five normal subjects 

17 to 34 years of age 
The abscissa shows the intensity 
the one-second light stimuli 
graded in logarithmic steps by 
Wratten grey filters (see method) 
One hundred reactions per subject 
8 were used for each stimulus inten 
4 sity. The arrow a shows the thrésh 


old for color vision (10~%" to 


10°” 
at 10°*), the art b the visual 


1/1,000,000,000t! 


riginal extent 


hr 


It pupils remained equal throug 


he left eye remained in darkness 


275 
25 
225 
2.0 
175 
15 
125 
10 
5 
> 
a 
threshold tor whight wht stumull 
to 10 ) 
tractions decreased to 1/18  _—— 
7 
6 — — = 
5 \ 
4 
2 
8 
— 
415 
0/ SeC.—> 
ote ew \ N RIN NI RA ADA ATION 1 \ 
gral fa j 1 womal Puy met is J tt is the rdir te (in mm) 
f st time the a 0.1 second unit The s 1 line represents the rig the broken line 
4 4 Che puy “ £ nd quiet in darkness When the right € was exposed to stead 
right ght (20 percent tensitv, marked rrow). } pupils trart en re te some 
) nd line. Puy s after the right eye had been exposed for three nutes to the rm 
Third line. When the A turned off irrow), the pupils dilated and t tions disap 
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ht adaptation was m 


and pupillary thresholds of 
ple, the threshold res] 


— 
OTT) 
A = 2 
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} (T vyenstell 1 Loe ‘ Put LARY REA ION Ow N NS GH MI AT 

ATION BR rt 

Puy 1 1 nor 4-year mal [he diametet t the nsensua re ting lett put 
plotted as the rdu (ir gainst time as the abscis ls nd units). In the exper ( 
ow oon lapted t right cht 100% intensit for 1.5. minute 
rrow ina the 1 the pting oht was turne ihe put east 
needed to elicit pupillary thres reactions in the dart lapted eve (10 The pupil to 1 t 
RB. Presentation of red test st ne log unit brighter than in A (10-*7). While the first six st 
timu failed to « t pupillar c tro1 threshold nt tior ppeared in response t the seve 
fit test st lu nd as time the extent the ntr t reased 
At the moment marked by the arrow, the cited. The seventh test stimulus 
idapting light was turn 1 off. The pupil di 1 30 seconds after the end of the 
lated in darkness. After few seconds in light—caused a threshold contra 
one-second red test stimuli of low 
intensity were presented in tour second cy ntensity of the red test stimul 
cles. In series A, red test st ili of the same vas increased an additional log unit (series 
intensitv were used which had elicited pu ( the reactions were not suppressed. | ! 
pillary threshold reactions 1 the dark the first test stimulus was easily seen and 
idapted eye (intensity 10 uused a pupillary threshold response \s 

After light adaptation, these test stimul time progressed, the extent of the contra 
could not be seen by the subject, and they tions increased . 
failed to eligggggmgggilary contractions [he results obtained from our five sul 

In the SEEMMMMME-s series (1B), the intensity jects agreed in general, but quantitative dif 
of the red test stimu vas raised 1 log unit ferences were observed. It is especially in 
10-7). Again, the three first test stimuli teresting that the loss of retinal sensitivity 
could not be seen and upiilary reactions due te ic iii related to the 
stimuli were seen but no pupillary reactions ject. Fe yonses Of 
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10 ( Lowenstein and Loewen 
EFFECT Of 
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RED TH ST 1 LOW IN 
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t «100 per 


was ed 
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foundly 
other sul 
1] very 

In cont 


1) 
equal 


pupillary visual 
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the one was suppressed, tl her was sup 


when the 1¢ Was irregular, the 


sponses 


visual reactions agreed umpletely 


pressed tov 


r fluctuate: 
findis 
periments were 
Che l *1wure 
idaptation 
white light upon pupillary 1 


intensity red ul white te 


moment when 


100 percent 


tion was turned off 


umns shows the exter 
tractions whereby 
left represent individual rea 


stimuli of one-second duration, elici 


four-second cycles during the first minute 


Che wide columns at the right 


in darkness 


6 
+ 
3 
L: derive trot e pu 
2 | toftt mne indicat 
| the extent t the puy iry cor 
tractions elicited by white (top) and 
0 =; Pi three ntensities, na (1) the 
» 
8 ipted eye 10 f white 
7 thresholds of for white 
ae 10 for ) 1] 
Il) (iit) 
5 i hie rt ‘ t the lett indi te the 
| the bright adapt 
= = The slim columns 
2 j — = I ‘ t stir li which were 
ente the first minute 
° io 40 sec min 
ntencit ifter 30 
Wuring the first t ss, the puy te tm test white test After six 
ntrast, the ppeare ne! eC! L ve tu restored 
subject B, botl I nd for red light en subject 
stimuli, were depress en the ex 
light adaptation than those of tl 
ects, even though su t+ 10 demon 
(nresholds after dat to bright 
] na mess lary thr ] 
sual a pupillary Ss OW - stimu 
idaptation vere lep1 tivel littl } rl t tl left ] ] 
wi iC] vely | eacn Cast iTTOW a tne e! marks the 
In all experiments, a slightly greater stim- J intensity and 1.5-minute dura 
ulus intensity, 01 nger period after the iE The height of the col 
end of the adapting light re required for e pupillary con 
in 
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show averages of 10 reactions per column, 
elicited six and 30 minutes after che end of 
the adapting light. The intensity of the red 
and white test stimuli was chosen as (1) the 
stimulus brightness needed to obtain pupil 
lary threshold reactions after dark-adapta 


tion, (2) one log unit brighter, and (3) an 


additional log unit brighter. 

During the first minute in darkness, the 
dimmest as well as the medium intensity 
white test stimuli were not seen by the sub- 


ject, and pupillary contractions failed to ap 


pear. The first two of the brightest white 


test stimuli—elicited five and nine seconds 


after the end of the adapting light—were .- 
also not seen, while the third and the follow ; 
ing stimuli elicited il and pupillary | 
threshold reactions 


After six minutes in darkness, the dimmest ca @ 
white test stimuli still could not be seen, and ee ~—— 


the visual responses to the medium-intensity 


in al 


series were irregular. Pupillary reactions to OF ADAPTATION TO BRIGHT WHITE LIGHT 

BRIGHT RED LIGHT UPON PUPILLARY RESPONSES 
= WHIT pe TO RED TEST STIMULI OF LOW INTENSITY 
sent. The medium intensity stimuli began to Data derived from the same subject as in Figure 


the threshold-intensity stimuli were still ab- 


first 


elicit feeble and irregular contractions, and 10. In a experiment, the eye was first expos¢ 
to bright light for 1.5 minutes (adapting lig 


darkness for one 


the reactions to the brightest test lights had : 
then rema 


improved but were much less extensive than The height of the columns represents av 


after complete dark adaptation (30 minutes ) tent of 10 consecutive one-second light 


low intensity, with dark intervals of tl 


The reactions to red test stimuli were dif- 
between 


ferent. During the first minute after the end chosen as 

of the adapting light, the dimmest red test I. The intensity needed to el 
old reactions in the dark-adapted 
II and III. One and two log 
no pupillary contraction appeared; but after — prighter than (1) 


stimuli could not be seen by the subject and 


6 minutes in darkness, both visual and pu al i Extent of contractior 
apted eve by the thr 
pillary functions were completely restored. peed eye by the thre: 
y to i and for red 
Visual and pupillary responses to the me a 2 and b 2. After adaptation to bri 
dium-intensity red test stimuli appeared at light, tl hite-light reactions were aln 
letel 1licht 
the 4th stimulus (18 seconds in darkness), de we i 
less suppressec 
and the reactions to the brighte St test series a 3 and b3 A fter adaptation 
were present immediately Che pupillary the white-light reactions were more exter 
| $ they had been after adaptation to wi 
contractions increased rapidly in extent and ey had been after adaptatio 
contrast, the red-light reactions 
had reached their maximal amplitude after pressed by 


six minutes in darkness. 

In Figure 11, the effect of adaptation to periment of Figure 10. As in all these ex 
bright red light upon the pupillary threshold periments, the red test-stimuli were some 
is compared with the effect of adaptation to what more effective than the white test 
bright white light. The white and red test stimuli, and the red-light reactions were less 
light intensities were the same as in the ex- suppressed by light-adaptation than the 


6 

4 

7 

6 

+ 

—— 

ent white 
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white-light reactions. But they were equall lower for white than for red test-stimull. 
ptation to white and to red After light-adaptation, the re actions to white 
light (compare b 2 and b 3). In contrast, the light stimuli of low intensity are suppressed 


suppressed by ada 


reactions to white test stimuli recove red more profoundly, and they require a much 
much sooner after red-light \daptation (a 3) longer time to be re stored, than the reactions 
than after white-lig! lapta a2 to red test-stimuli. For both white and red 
We conclude that the pupill: light, the pupillary reactions re appeat 
actions are ppress 1 by lig adaptation sooner and their extent increases more rap 


and re-appear during lark-adaptation in ex idly when the test stim are brighter than 


actly the san nner ision. In the dark when they are din 
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the puy ry re ns, 1 r es a blue iris ever we ve not investigated the est t 
reflect 1 ( the intare ghit r measuring retinal aré t all and we have t ti é the 
than does a brown iris l nswet that there Size f the entrance puj We nsidered the 
the f the pur fferently pi experiments. The present work was int 
mented eves. For we rejected itline. to enable us to find the gener rans 
measuru systet the amount the phenome under stud M et 
method measures the time The differet ne-and rod puy 
nfrared light spot t , the reest d responses The threshold intensit cht reflexe 
tenendent the reflected light me They 1 tates 
except, for ex ple ses wit | rt nt t ‘ 
ther natient« ¢ ‘ hetweer el ted ‘ { ey 
measure ent nidet ent the whether t mer effect ic cr nronert 
reflects eal t the ne recept syste ether ve 
the visu three rather red light stir » 
nner \ ‘ > wre thre 1d 
re in the begint ll er ti the erg f te ‘ 
PHOTOSENSITIZA ON OF PROTEINS BY METHYLENE BLUI 
I. Deny ‘ RAI N 
_ 
W. L. Fowrxs, Px#.D 
fine VJine 
1g | 
act tv of methylen yack to the ported that ethvlene blu nd sible light 
vere effectively hactericidal when used cor : 
Med SClence t ne Su 
In P1072 1 effect on bactet sul teratior f 
I 
wm indebted to Dr. | H s help! sensitivity t ght as a result of exposure in 
' : . the presen f methylene blue was shown t 
techr sssistance wit ens nrenarat 4 
Virginia Havener for prepa! rosconpe sé be a general effect observabDie with widely 
g 
tions lifferent biological materia the skin of 
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mammals, organisms at all levels « f biologi on the photodynamic action 0! methylene 
cal organization, isolated enzymes and even  blue® and also because competitive inhibition 
individual compounds luding certain 's observed’? when a photodynat ically imac 
umino acids tive dye of similar structure is used simul 

Before radiant energy becomes 1 med taneously. The fact that the activity of meth 
itelvy available for cl reaction an ag vlene blue as a photosensitizer at different 
gregate of atoms wh ch can be elevated toan hydrogen 1on concentrations parallels the 


ctivated state‘ must absorb a quantum ¢ f change in the dissociation constant with pH 


the light. Howevet everse 1s not true und also parallels the development of ani 

every quantum ol! ed does onic cCharact« n he protein anda Ca ionk 

necessarily result he ( re character in the dye 1 ie from changes 


tion. In complex mixtu! such as methyl to higher pH ilues suggests that the 
ene blue saturated tissue, alth ugh light of dye-protein co plex 1s the active chromo 
ill Wave engths 1S Vv I be ibsorbed only phi re However even though dye protein 
ght absorbed | he phore will p ‘ lex formation is clearly nvolved in this 
lu the photosensit response effect. it is still not cleat and the available 
That methylene he chrot hore data do not allow one to de ide if such a 
I hose complex Svs vhicl t | Ss con plex s forme 1 be fore oO! light ac 
wen added is fe 1 solution of tivation of a molecule of 1 ethylene blue 
the dye wh 1 tte the rht [he temperature coefhcient Oho, for 
S e reduces ‘ ites the phot ethvlene une photosensitized nactivation 
sensitizatiol \ \ f bacteria ition ol bacterio 
sorption x : region of phage nd oxidation of a purified protein 
e spect t 610 J | on vas tou be great han one over! the 
s ed eithe ‘ produce physiologically portant temperature range 
' [Inless the dissociation constant o! the dy« 
lhe I to a pi protein Col pilex decreases as the tempera 
‘ esu ition ot a ture increases a_ (el perature coemcient 
\ | tell n g ) tl greatel than one I cates that empel! ature 
ex WV leper lant t eactions act pany oO! 
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have the same effect that is observed when 
the biological material is irradiated with the 
dye present. 

The biological changes which result from 
methylene blue photo-oxidation are easily 
discernible but merely reflect the more subtle 
changes which have occurred in the cellular 
itself. When investigators turned 
to 


that along with oxygen uptake 


material 


their attention certain enzyme systems 


they found 
during photo-oxidation there occurred a cor 
responding loss of enzymic activity."* It was 
also found that after irradiation in the pres 
ence of methylene blue for sufficient time to 
inactivate the purified enzyme, the histidine 
and trytophan residues of the protein were 
no longer detectable in full amount. Further 
treatment causes more destruction of these 
ind eventu- 


and other aromatic amino acids 


ally even cystine was destroyed. However, 
the more rapid alteration of these amino acid 
en 
fol 


residues is not limited just to certain 
zymes. Apparently complex proteins* 


low the same reaction course. An earlier hy 
pothesis* that peptides were produced during 
photo-oxidation was not observed but an in 
crease in non-protein nitrogen™* was observed 
which suggests that ammonia from the het- 
erocyclic rings of histidine and tryptophan 
was released to the media during the photo 
oxidation. Irradiation of a solution contain 
ing 


acid? 


methylene blue and deoxyribonuclex 


results in a decrease in viscosity of 


This indicates that the end result 


of damage to the deoxyribonuclei 


the solution 
acid mole 
cule is depolymerization even if the primary 
event is dehydrogenation. 


the 
from 


The importance of findings briefly 


reviewed above stems the widespread 
use of methylene blue to provid 


the 


studies 


an alternate 


pathway or shunt for cytochrome oxi 


dase system during dehydrogen- 


ase activity. If care is not taken to exclude 


all light adventitious damage to proteins will 


result when the dye is used for such studies 


In studies aimed at understanding the impor 


tant factors and metabolic which 


processes 


provide energy for the sodium pump mecha 


nism apparently operating at or near the 


FOWLKS 


lens surface and which maintains optical 


16 


clarity of the lens, Harris and Gruber’ used 
methylene blue as a metachromatic and un 
coupling agent. However they found that in 
10°M methylene blue 


there was complete loss of percent recovery 


the presence of 5 


from the cold induced shift in cation balance 
if the lenses were irradiated during the re 
covery period. Other work cited above would 
make it seem evident that under these condi 
tions there should be protein damage and 
the irradiation period. This study was in 
itiated in part to provide a direct proof of 
such changes and also to probe for i 
tion on the enzyme systems which 
important for maintenance of lens 
parency. 

The purified enzymes which other investi 
gators have inactivated with methylene blue 


are not as directly linked to energy produc 


tion in the known metabolic pathways as are 


the It is generally believed 


that three ATP molecules are produced 


through linked reactions for each pa 


lehydrogenases 


r of hy 


drogens removed from a given metabolite 


ATP is thought to provide the major s 
of which drives the endergonic 
ind 


these consider 


actions metabolic 


le PIC processes 


me apparen 


sensitization on enzyn 
rich metabolic reactions 1 


dehydrogenases provide a 


which, because thev will for the 


link with reduction of DPN, TPN 


orc 


tain dyes, could indicate the functional 


of the energy source which may be nee 


for the operati a pump mechanism 


The histochemical method for the demon 


stration of succinic. dehydrogenase 
Nitro-BT**® was adapted to make it 


for demonstration of dehydrogenas« 


using 


suitable 


of the intact excised rabbit lens. 


METHOD OF IRRADIATION 


Lenses used in these studies were for 


most part excised from orbs enucleate 


the rabbit abattoir immediately afte 


~_— 
5 
Fron tions 
her that flect of phot 
cioser to the energy 
group of enzymes 
stat: 
1e¢ 
ia 
decapi 
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tation and were transported to the laboratory 
in normal saline. Although the excision and 
other manipulations were done as quickly as 
possible it was approximately four to five 
hr. after enucleation before irradiation be 
gan. The globes were cut transversely on the 
incisions 
quadrants of 
freed of 


vitreous body and then excised by circum 


posterior sclera with the two 


roughly at right angles. The 


sclera were peeled back, the lens 


ferential section of the ciliary body. The 


lens was then transferred 


to the fluid 


with a lens loop 
in which it was incubated and 
h lens was placed 


3.0 ml. of the 


irradiated. In general, ea 
with the anterior surface 
a 25 by 100 


irradiation the stopper 


fluid in tube. Before 


and contents 
were kept in a covered box packed with ice 


[he media in which lenses were preincu 
bated and irradiated has been described pre 


viously nodified Tyrodes 


solution without glucose was used for irradi 


ation studies. During irradiation the tubes 


were thermostated in a shallow aluminum 


was 


refrigerator tray into which tap water 


-d through a h in such a mannet 
was stirred gently. The ovet 


ough. A 150 W 


from the tray, 


that the bath 
flow ran into 


‘eflector spot lamp, 


st tubes 


the specimen Che 
holding rested nea » rims on 


the sides of the tray. The tubes were watched 


during the irradiation and rotated occasion 
radiation each 


After 


a iens 


ally to equalize the amount 


lens received during 


ked up on 
loop and 
normal saline 


Nitro-BT 


hydrogenase activity 


solution 


METHOD FOR DEHYDR NASE ACTIVITY 


The histochemi al ethod of Nachlas. et 
localization of succinic dehydre 


activity in 


for 
genase tissue sections was 
it suitable for use 
lenses A 
ms ”’-di-p-nitropheny] 


+,4’-bi 


modified slightly to 


on excised intact solution 


containing 
5,5’-diphenyl-3,3’- (3,3’-dimethoxy 


phenylene) dietrazolium chloride (Nitro- 
BT )* per ml. of distilled water was diluted 
just before use with 0.2 M PO, buffer, pH 
7.45, or with the same buffer containing 0.01 
The buffered 


tion was adjusted to pH 7.5. Equal volumes 


M succinate. succinate solu- 
of the two solutions were used which usually 
was 1.0 to 2.0 ml. and after a lens was added 
it was incubated 30 min. at 37°C. The tube 
containing the Nitro-BT solution and lens 
was occasionally rotated gently to provide 
uniform access to the solution. After incuba 
tion the lens was removed to a 10-percent for 
malin fixative which stopped the reaction 
Although the dark blue colors of the forma 
zan produced during the reaction seemed to 
deepen a little on standing over night, there 
was little apparent further change in color 
after several days in the laboratory even 
without special precautions being taken. 
Within 24 to 48 hours after development 
of color the lenses were examined individu 


‘r the stereomicroscope and notes 


extent of 


of the 


were made of the location and 


color relative to controls. In some 


later experiments and in an effort to provide 
a numerical index to the necessarily subjec 


tive observations of the extent of color de 


‘olor photographs were made of 


lenses of a given experiment 


group oft 


Optical density measurements’ were made 


of the color developed in a given lens and of 


the control lens both on the same photo 


graph. The lenses were then embedded in 


paraffin and sectioned, alternate sections be 


ing stained with hemotoxylin and eosin. 


RESULTS 


here is a most striking difference noted 


between the rate of formazan formation in 


the freshly excised lens as compared to the 


Ds jar ab 


ratories, Philade Ipl 
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period. 
oat 
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Pennsvlvar t sed wit it furthe 
purif 
\ Photovy M paper romatogr pl 
ens ‘ ‘ easureme 
iskine wit px ere microscope slide s 
the illu nated rter t I the widt 
the lene the photograph. Color photogray 
were the togral] Department ot 
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equator 


When exam 


eo dissect 


found to 
uniforn 


gradation of 


color fron 


is noted that 
the zonules 


W. L. 

d 
< 4 
Fig. 1 (Fowlks). Sectioned 1 

ens ~50. wit ittache liar 
Color developed in intact lens 

aid ccir te N tro-] er 40 
10“M. methylene blue. Fixed in 10 

Ay 

ihary body The « begins t ilso a difterencs etw n the anter 

darken immediate ersion in the posterior sutur Che former appears as 
37°C. Nitro-BT solution but t ens dark vhite irregul — deste time { 
. ens slowly with ery the le tormazal while the itter appears as a rklv stames 
being f¢ ed during the firs é nutes of louble row of cells 
incubation This indicates t t the Nitro-B] As can be seen fri | cure l. the de ~ 
must diffuse thr ugh the Sule vefore the tion of tormazar s limited te thin band 
insoluble blue formazan is { 1. Micro mmediately subcapsular at the surf ot 
psula 
scopic eXamuination of the lens sections con the lens body. formazan is deposited ost 
hrms this supposition since 1 ue is found densely at the anterior suri Under t 
n the capsule itself magnification the blue appears most dens 
Upon gross examination after fixation in it or near the nuclear bodies although it is 
tormalin it observed that the attached cil ilso found throughout the cytoplast ry 
iry body is most darkly ned while th posterior surf has formazan depositior 
posterior surface of the lens is most lightly rather uniformly distributed throughout 
stainec [here appears 1 e much mor cytoplasm. A preparation* made by incuba 
olor deposition in the region of the equator tion with succinate Nitro-BT at pH 8.0 of 
ind indeed the depositior f color on the fresh frozen sections of a freshly enucleated 
interior surface of the lens shades off to rabbit orb stained rather uniformly throug! 
less intensitv at the D Che posterior sur out the vodv of the lens i uding the nu 
face 1s more uniformly col 1 fr leus (fig. 3) and the subcapsular band of 
to pol blue observed in our preparations 1s almost 
ee under the stereo 77 ibsent at the posterior surface and greatl 
| reduced at the anterior surface. In this re] 
be uration the ciliary body is more uniformly 
Nitro-BT development of these globe sect 
— 
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little additional color appeared during the 
next 10 minutes unless the amount of dehy 
drogenase was low. During the initial studies 
use was made of a buffered succinate-Nitro 


BT solution of 0.1 M in succinate to develop 


dehydrogenase activity. When controls were 


run without succinate it was found that 
more color was produced in the controls. It 
was subsequently found that the endogenous 
substrate present in the lens itself gave max 
imum color with Nitro-BT alone in 0.1 M 
phosphate buffer, pH 7.5. Long incubation 
at O°C. in modified Tyrodes solution without 
glucose gave less color, particularly in the 
ciliary body, phosphate- Nitro-BT 
treatment while velopr in succinate 
Nitro-BT gave normal color development 
hours incubati 37° in modi 

cose gave no de 

he dehydrogenase ac 


ised lenses when the 

ity was developed with 
solution 

40 hours at O°C. and 

20° to 25°C. or 37°C 


Was 


incubati 


sss 
« 
| I \ fror lens 
nate-Nitro-B efor tionil 
Lenses treated su the same ga tivity € £rechly ey 
judged | su I e 30-minute the succinate-Nitro-] 
incubation period pt cient time s Pre-incubation up 
that a virtual (Coes ci for shorter periods a 
posited ter ites vith 5 10°M_ methylene uk idded ti 
(‘Be 
at? 
Fic. 3 (Fowlks ; section of rabbit globe. > r develope with succinate 
Nitro-BT after sectioning 
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x50, except exc 
ylene blue in the 


modified Tyrodes media wi without no significant difference in color develop- 
glucose gave only in color ment upon | 
formation on developn vith succinate their media : differences repor 

Nitro-BT when compared with controls may be due to the slight staining of 
without methylene blue which had been simi in the presence of methylene blue alone 
larly treated. The slight differences one ob Cyanide added to the phosphate-N 


levelopment si 


serves are mainly du the differences in lution had no detectable ¢ 
hue bet n the cet Those le th devel } iditi 
1ue Detween the two sets nose lenses with rect on color development Dut the addition o 
out methylene blu rodt 1 formazan 0.025 M malonate to the phosphate Nitro 
] BT vel r reduced formazan forma 


which has a reddish ti hile those pre- 


incubated with methylene blue have more of 
Nachla al.** report control incubated with succinate-Nitri 


ately 60 percent com 


= 
Diue color 
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Fig. 4 (Fowlks). Similar to Figure 1 wes sminated six hours at 22°C. wit 
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Fig. 6 (Fowlks). Photog 


a series of rabbit lenses which wer 
placed in modified Tyrodes mediur 
without glucose but ith 5> 
10°M methylene blue. The top row 


are controls. Lenses 
row reading 


right, (a) irradiated 5 hr., (b) 
irradiated 3.0 hr (c iT! t 4A 
$5 hr., (d) irradiated hr ' 

i 6.0 hr ith methylet 


containing 5 10-°°M methylene blue at pH 


as measured ona color 
densitometer. 7.45 seen to protect the lens somewhat 


from methylene blue photosensitized inhibi- 


Irradiation of lenses in modil lyrodes 


without glucose but wit methyl tion of dehydrogenase activity. A more 

ene blue present results in a relatively rapi marked protection was observed when the 

loss of dehydrogenas fF lenses were irradiated 0.1 M phosphate 
iliary body and buffer, pH 7.45. 

lens e] 

DISCUSSION 


sity measurements 
photograph of a seri | irradiated 
A conclusion regarding the particular de 
1.5, 3.0, 4.5 and 6.0 hours with 5 X 10°M ,_, 
hydrogenase which participates in the reac 
methylene Diue 1n vrod ithout glucose 
cg : S tions leading to reduction of Nitro-BT to an 
pH 7.5. The fraction « e optical density 
: : insoluble blue diformazan by the excised 
of the controls was calculat f each it a ; 
1 act rabbit lens cannot be made on the basis 
tated tens Not ati 
rf perimen far ‘formed. A num 
time of irradiation was best fitted with a 
straight line (fig. 7 rradiati r lenses 
without methylene 
lenses in the dark with methylene blue does 
not result in any co tent change in th 


amount of color produced upon incubation 
with Nitro-B1] 
However, 


of glucose 


rABLI 
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Irradiation Mediur 
Methylene 


Modified Tvrodes without g 
Modified Tyrodes with ¢ 


Phosphate buffer 0.1 M 


drogenase activ 


* Irradiated six hours at 2 5 ind developed ubated with 
ity f sed rabb " incubatec th 5 x 
n - ) ind irradiated at 2/ 55 cm 


+ Calculated from measur ot optical ce 


sity of the lens image on a or photograph using a 
blue filter. 


lenses shown 


Nitro-BT solution used for the 
ther lenses 
* 
. 
aye, of Max 
i 
‘ 35 
‘ 53 
SH 
| (Fow e ce 
rom 150 W. reflector light. Data from ZZ! 
ee in Figure ¢ 


W. 


It 


dehydr« ven 


ported*® as ibbit lens 


present 
would seem likely that succini 


lenses 


just on 
[t 


reducing 


ase has some activity in these 


the basis of the results reported here is 


quite evident that othe: ms or 


agents are also present which 


duction of N B r Che pi 


geneous substrates in the freshly excised in 


cause the re 


itro esence of endo 


tact rabbit lens makes rather difficult a clear 


il methods 


at 


cut demonstration by histochemi 


of any particular enzyrn (Jur purpose 


this stage of these investigations was to find 


a method which w for demon 


strating changes nase activity 


effect of 
“d here 


resulting from 1 todynamik 


methylene blue 


sh ws 


( i F speci enzymes which 


have dynami at 


+} 


vl venases aS a 


group appear might be ar 


gued that since in lehydrogenase has 


bee n 

other photosensit 
tosensitizz 

pe rh i} 


deed 


th if 


irgument 


the | esently is started 


If the hypothesis system 
Capa 
pump 

observed 

reactions 
be present 
re not the 
have to 
trans 


DY gy 


fer path than uncovered 


up to the nination 


of the effect of 


present 


phi | the lens 


may allow firme: his point 
drawn 

a result of metl 

dehydrogen ictivi demon 


Nitro 


sharply The 


tization the 


with BT in tl liary body 


ac tivity 


falls dehyd 


asec 
found ind at the pos 
ter 


tion procedure directly proporti 


in the lens epitheliu 


ior surface disappear during the illumina 


onal to the 
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amount of illumination; a result entirely 


keeping with previous studies on the phot 
dynamic effect of methylene blu 


scopic examination of sections of 


and ciliary body does not reveal 


struction of tissue as a result of 


sensitized damage to dehydrogenas« 


but what effect if any photo-oxidation 


on capsular cellular permeability 


await further investigation 


Important from the viewpoint of 


terested in the mechanism of photosensiti 


zation is t hnding that glucose prot 


he 
lehydrogenase when present 
her 


yrotein con plex fort 


¢ 


lumination tha 


Suggests 
duction of dve | 
ive centers of an enzvme 


bstrate molecules 


\ hy 


tosensiti 


iry body 


reatect 
greatest 


itv 18 oD 


phosphate 


umination 
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— 
the lens 
the photo 
protects 
during i 
Rs: Phe method repor ition if 
ME promise of fulfilling that purpose Ss occupied 
zation has been presented 
be readily imactivated by 2. The method for localization of succini 
zers ethylene blue pho lehydrogenase activity using Nit BT has 
ould also inactivate it and been adapted for use with the intact excised 
hydrogenases as well. In rabbit lens with attached ciliary body. Most 
G@MH it was on the basis of this qq = dehydrogenase activity was found in the « 
gue in the epithelium although the pos 
‘ terior surface was also lightly staine 
} 3. Preliminary studies indicate that Nitre 
BT reduction to the blue difor: in pig 
ment may occur as a result of reducing 1 
ictions in addition to those linked to su 
cinate dehydri genation 
( +. The dehydrogenase activity of « ry 
( body is rapidly destroved upon illuminatior 
5 X10°M ethvlene blue. Dehydrogenas« 
ictivity of the lens is also destroyed undet 
these conditions and is proportional to th 
duration of illuminatior 
5. Some protection of dehydrogenase a 
strable tiv icose or inorgani 
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] the ler tec 1 le the - bh ane 
t experiments 1 
shat nhoacnhat t tr t whicl rd nges in lens hibers 
‘ E yl] f ts 1 sensitization by Dr. Davrp Cocan (Boston): I have not had ar 
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opportunity to read Dr. Fowlks process but not for direct chemica 
not understand from his presentation tl oO f reaction 

In my original presentation, I had meant to « 


the methylene blue and dehydrogenases. 
\ suitable dehydrogenase will mediate a transte phasize, at 
t razolium on in- increase in activity results from the presence « 


| apologize for not doing so, 


of electrons from succinate 
cubation. Isn’t methylene blue actu y short-cir 


cuiting the dehydrogenase system rat! a to poison the cytochrome oxidase system, but, since 


nide. The purpose of using cyanide, of course, was 


Nitro-BT shows maximum effectiveness even in the 
In other words ler whe rm vlene nee of n,” it by-passes the cytoch1 
1 thus would not be affected 


ing on itr 


blue isn’t acting 


mediate just as is the « 


t 


e theory at 


fied in inferring that " 
thvl hl 
me iene Diue photosensi 
Secondly, Dr. Fowlks said ini id m h an old and venerable theory that. like 
+} 


stood up under the scrutiny 


dehydrogenases 


lessen the tetrazolium 


it enhanced it. After all, tl razolium compet gati nt literature concern 


ing with the cytochrome 
und one would expect, a 
uctually enhance the tetraz 


ti 


inhibits the cytochrome activi 
Dre. W. L. Fow tks (closing) vould phan. When t ulfur-co 


cvsteine and 1 hionine re compared 


start with Dr. Cogan 


is quite clear that \ re dealing v izymi vidual ] lividual aromatic amin 


irogenation in 1 equ il or 
used was Nitr 


succinate an 1 


methyv! 


reactor xid 


exten 
of met! vlene blue at } istidine 


ame Way tl at I ‘ hat I I le stroved 


OCULAR CHANGES INDUCED BY POLYSACCHARIDES? 


III. PAPER CHROMATOGRAPHIC FRACTIONATION OF A BIOLOGICALLY 
RONIC ACID SULFATE PI ARATION 


ELLEN L. TALMAN, 


P rtland Or 7on 


AND 
Joun E. Harris, M.D 


Minneapolis, Minnesota 


Previous work heparin i least one importan 
demonstrated that lfated hya acid that is, when i ted into the eye, 
derivative’ resembling heparin rather closely fated hyaluronic acid produces s 

| 


1 heparin exerts 


in chemical composition and in many bi pathology, while 


ologi: properties diff rs consp! n and transite ry effects. if any.’ 


trast between the actions of 


mucopolysaccharides on the eve is the sole 
gon Medical ho 1 ti el t t F } qualitative diffe rence 1n their biologic proj 
thalmology, Univers 

Medicine. Supported rat B-197 yf the *t Prepared by ilfati hyaluronic 


Dey irtmet 


National Institute o Jeur gical nd ilical co ! r mild conditi 
Blindness, National itute lth, Bethesda, hrough the cour f Robert 


Maryland. 


— 
groups 
ization 
wl Care 
ed wit 
stem for the hvdroger methylene blue photosensitization of specific { 
iori, that cyanide might teins contains clear cut evidence that the sulfur cor 
lium reduction since it taining amino acids are less sensitive to photo 
= ding and trvnto 
idine and 
id 
(ecco acids 
greater 
tr 
ES wetesenc blu the times used for situation 1s quite different when the sulfur-contau 
incul ations im +1 ese expe Wye rdir ft ing imino I< ire lu le i! the pepti le un 
und the V l 
eT ry] 
ne > =nd indeed SH 
salts d Iso, the data indicate that low con- groups ma ppear during subsequent photo-oxid 
entrations of malonate and hig entrations of tion due in part t n unsvmmetr widietinen of the 
succinate inhibit the 1 t ‘ A ild be true lisulfide Ii t cystine 
espe 
the sul 
re ocular 
niy 
This cor 
Dee the two acid 
Craig of 
a G. D. Searle and Com: 
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LAR CHANGES 


erties thus far identified. Balazs, Hogberg, 


and Laurent,* who prepared and studied a 


similar sulfated hyaluronic acid derivative, 
observed marked differences in the potencies 


of their product and of heparin when the 


two were assayed for various types of bi 


ologic activity, but both products displayed 


the same general spectrum of biologic prop- 


erties. 


Use of this pathogenic polysaccharide in 


conjunction with heparin provides an ex- 


cellent experimenta uation for well-con 


trolled studies of and meta 


the 


bolic changes associated with various ocular 


disorders. In pursuing such investigations, 


however, it was important first to determine 


how long the i id mt copolysaccharides ré 


mained in the eye in their original forms 


Therefore, som physiocochemical 


properties were Col effort to 
» an unambiguous n xd for identify 


ing them in biologi Such studies 


served to e1 


between the I 


} 


petween then 


was found 


guishing 
that the hyaluroni cannot be 


unequivocaliy distingu heparin 


either by paper electr 


trophotometric stud) 


the nature « 
he pathogent 
necessitated 

ther investigation of the composition of the 
Addit nal idence 


hyaluronic acid sulfate may 


preparation that the 


not be entirely 
homogeneous was obtained when the ma 
subjected to paper chromatography 


Molho-Lacroix® had reported 


chromatographic 


was 
Molho and 
the paper 


commercial 


separation of a 


heparin preparation into two 
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components, one which migrated and one 


which remained at the origin, using a n 
propanol: water solvent system. Kerby,® on 
the other hand, had found heparin to migrate 
as a single spot when solvent composed of 
37-percent n-propanol in a phosphate buffer 
was used. 

On paper chromatography in either of 
these two solvents, the hyaluronic acid sul- 
fate is resolved into two principal compo- 
nents, one which migrates at essentially the 
same rate as a commercial heparin and one 
which remains at the point of application 
Comparison of the physical, and 
biologic properties of these two main frac 
with those of the 


tions parent preparation 


was then indicated 


\ small supply of each was isolated using 
the n-propanol:water solvent system, both 
omponents of which are completely volatile, 

a thick paper in a manner similar to 
by Weissman, Meyer, Samp 


the 


with 
that outlined 
Linker’ for isolation of oligo 
derived 


eluting the 


son, and 


saccharides hyaluronic acid. 


After 


from the papet 


polysaccharide fractions 


with distilled water and lyo 


philozing the resulting solutions to dryness, 


some of the propertic¢ s of the products ob 


tained were compared with those of the par 


ial and of heparin 


chemical properties studied in 


cluded paper chromatographic and paper 


electrophoretic behavior, ultraviolet absorp 


tion spectra and absorption spectra of their 


| all the bio 


uidine blue complexes Since 


sulfated hyaluronic 


proper 1es of the 


thus far studied, except 
differ 
of heparin quantitatively rather 


itively, 1 emed desirable to in 


roducing ocular disorders, 


hyaluronic 


po 


other 


two fractions of the 


for gradations in 


possibl 


tency in some test of biologic activity 
than the production of ocular disorders. 

Some of the tests previously applied to 
such preparations require the application of 
rather specialized techniques, but antocoagu 


lant activities can be compared rather easily. 


pt 
bearing the hyalurot sulfate did not tos 
tnat or Dp 
Fro; thos 
than quali 
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(Therefore, the anticoagulant properties of 


the chromatographic fractions, as well as 
their capacities to produce ophthalmic dis 
When 
had been completed, some of the remaining 


The 


ment 


ease, were examined these studies 


mobile material was analyzed chemically 
limited supply of the stationary 


exhausted, however, making it neces 


Was 


sary to postpone analysis of that product 


METHODS 


CHROMATOGRAPHIC FRACTIONATION OF THI 


HYALURONIC ACID SULFATI 


Molho 


1.0 vol 


[he n-propanol:water system 
Molho-Lacroix, 
ume of n-propanol plus 1.5 


tilled 


[hese workers failed to indicat 


consist 


and 


water, was used for this purpos« 


whether the 
uscending or descending technique was em 
ployed, but Kerby® specified the ascending 
technique for 72 hours at room temperature 


showed, however, 


Preliminary experiments 


that a satisfactory separation of the hyalu 
sulfate into its component 


y 18 


ronic acid parts 


| hours if the 
ployed. Ac 


carried out at 


could be achieved in on 


was 


descending technique 


cordingly, the latter technique 


roon temper: Was ad 
studies 

fa 10 
solution 
distilled 
( What 


unitort ik acTOSss 


For preparative 


(that ts, 


mg./mi 


of the hyaluron 
water was applied 
man No. 3 mm.) in 
the paper’ along a line located as to fall 
5 cil Fishes 
strip paper chromatograph ¢c apparatus Che 


SIOWLVY, WI intermit 


below the support rod of a 


solution was applied 


tent drying, keeping the streak as narrow 


is possible (always less than centin 


AND 


JOHN E. HARRIS 
Dimensions of the chromatogra 


phic strips were 2 by 22.5 and the 


in width ) 
inches 

such 
At the 


were 


apparatus used accommodated three 


strips, stapled together, on each side 
end of eighteen hours, the 


strips 
moved from the tank and dried in air. When 
dry, one strip from each group of six was 
1 } to locate 


(metachromat 


stained with toluidine blue ( fig 
the acid mucopolysaccharide 


ic) material and sections of the unstained 


strips corresponding to the mobile and sta 


tionary components were cut out, eluted 


with distilled water, and lyophilized 


ness. In a few experiments, som 


metachromatic material lying between 


two main components and the orthochro 


ial appearing at the solvent front 


eluted and concentrated by lyophiliza 


to obtain a solution for spectrophoto 


DIES OF CHROMATOGRAPHIC FRACTI 


PAPER CHROMATOGRAPHY 


[The two components isolated as descril 


hromatographed in the 


in the solvent deve loped 


above were 
solvent and also 


Kerby' composed of 3/ 
in pH 6.5, M/15 phosphate buffer. For these 


pe cent n-] 


‘riments, 5.0 wl. aliquots of 30 me 


mple) solutions of 
f the hyaluro 


fractions 


hyaluronic acid sulfate 
were 1. Hyaluroni 


concentration of 6.0 mg./ml 


] 


plied in a 5.0 yl. aliquot (30 pg 


ple) 


rk had shown* that 


ial sample of hyaluronic acid (biologi 
source unspecified) used in these studies did 


toluidine blue, but 


not stain with 


cry 
Of 
ST >) 
Fi 1 (Talman and Harr reparative paper chromatogram, showing separation of the sulfated 
one id into two | mponents. S ‘ prof 1:1.5.) 1 
—_—— 


stained 


1 
OOKING 


ponent 


st 


W 


rT 


ams 


is 


ground r of tl ape! nsiderabl trati mg./ml. and O ml. « 
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ly saccharide ain, es Che S¢ complexes were prepared 
bed.* A 1.0 ml. aliquot of 


unknown ot 


ber ot chromat as 


previously descri 


were run duplicate, ie be the solution of concentration 


ing 


with toluidine blue a ther the acid mucopolysaccharide material mov 


ntermediate rate is treated in a 


Wi 


nannel 


ICOA( ACTIVITY 
exhil 


Nting 


ng properties. Stain wi alcial i n umount of heparin usually recom 


0.1 
of 


for anticoagulant 


f blood 


( irried purposes 1S 


Chere fore. the effect 


is amount of hyaluronic acid sulfate, and 


of each of its two main components, on the 


ion time of rabbit blood was investi 


material was 


In a concen 
each 
» dry serology 
d 0.10 ml 


l. of freshly 


of 


two-tube ) 
rmination 
were tested 


bbit and seven 


EY! 


traocular in 
chromatographic 
acid sulfate, and 
itself, 


Che 


were 


hyaluronic acid sulfate 
utlined below. 
ials 


administered 


unts 


i these mater 


amount 
0.05 n 


a volume of 


+} 
with another acid mu 
ilcian blue. Therefore, a nu 
with alcian blue, n nly to detect hyalu no 2 
= 
ining with tolu ] Vas Ca ed ou i. 
excep x n i ind 
etner Was [tou ( ecessary and tnres 
five-minute n t percent acet gated. For this purpose, each 
icid after staining et 1 to reduce th ss ed in 0.85-percen Nat 
DAaCK 
I re than sing f ercent aceti rcid solution was transterred to tw 
wash followed by ns n running tap tubes. Controi tubes contain 
4 ( ftey ldine 
wate Oo iNa \ ( ling | 
irawn rabbit il odified 
> p 
Lee and White clotting time d 
he papel roy Dilities of t Carriea ou \ material 
pare I iteria ind n ius were iscda 1n al 
t eparin bv the te 1 pre ously 
PATHOGI IC EFFECTS IN 
~evera! rabbits rece ved 
jections each ot the 
ra fa ) tra. Ults sorte nvyaiuron 
olet hearntion re rie of the o1 I 
1 vina 
col leparil e sites and 
‘ he ] 1 sulfate ind concel tions 
4 nas nad } idiusted th 
g \ ob l 
nents t } iron sulfate Vas contained in 
my 1 
meta rol if | Olvsa laride 1 ection inter her 
terial me ng liate rate chre 
lla 
S O1 M ponent 
il migrating n ( ere 
su 
mresent in cuch that 
| I I Cs la \ ts 
zation of these mat o dryness and sub ©.D. 1.0 mg. Hyaluroni lfate 
1.01 M ‘ 1 lurot 4 
sequently rediss is impractical 
pra 
tions were solutions of un OD. 23 1 fa te 
ippropriate section e paper lis 
tilled ‘ Site vil 
vate? ntratino the resuitings 
wa iting esu ig 
solutions Dv ivorT 
OD ) me Hy rot te on eacl 
D iDSor n § ra toluidine biu of two successive days 
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wYALURONIC 
acio 


HYALURONIC 
acio 
SULFATE 


PaRin 
(Talman and Harris). Paper 


ironic acid and hepariu 


Fig. 2 


acid with that of hyal 


ent, hyaluron« 


Mobile compon 


acid sulfate on each of two successive days 


After seven days, rabbits injected via the 
were killed and their cor 
The 


prepared 


anterior chamber 


neas excised for further study two 


corneas from one animal wer 


for histologic examination and those from 
the remaining animals for determinations of 
their water contents. Rabbits injected in 
travitreally were sacrificed after two weeks 


and their eyes removed and sectioned 


6. CHEMICAL ANALYSIS* 


RESULTS 

PAPER CHROMATOGRAPHY 
[he paper chromatographic behavior of 
the parent hyaluronic acid sulfate, of hepa 
rin, and of a commercial sample of hyalu 


water solvent 


Figure 2 


ronic acid in the n-propanol 


illustrated im There, 


system 1S 


can be that the hyaluronic acid sul 
fate 


one comprising roughly seven percent of the 


seen 


separates into two main components, 


original material, which remains at the origin 
and another, comprising 90 percent or more 
of the original material, which migrates at 


about the same rate as heparin. The balance 


of the material ippears as a Str ik between 
the two main components extending not quite 


back to the 


migrated as a single spot in this particular ex 


starting line. All of the heparin 


periment, and this was usually the case when 
less than 10 pg. of heparin were used. The 


use of larger amounts to intensify the spots 


Micro 


rack 


* Analysis was performed by Huffn 
analytical Laboratories, Wheatridge, Cok 
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chromatogram 
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comparing the 


Solvent :n-propanol 


for photographic purposes often led to streak 
ing. A large portion of the hyaluronic acid 
remained at the point of application. Al 
though two light streaks of acid mucopoly 


1 


saccharide are detectable further down the 


paper, neither of the latter traveled as far 


as heparin or the mobile component of the 


hyaluronic acid sulfate. The stationary com 


ponent of the hyaluronic sulfate 


probably not unsulfated hyaluronic 
however. 


The 
these 


sample of hyaluronic acid use 


studies does not stain metachromati 
cally with toluidine blue while the stationary 
fraction of the hyaluronic acid sulfate is 
may 


strongly metachromatic, and also, as 


be seen below, the stationary component mi 
papel 


either this sample of hyaiuronic acid® or one, 


grates taster on 


electrophoresis than 


which was metachromatic, studied by Rie 


Except that the hyaluronic 


stained by alcian blue but not by 


nits.® 
toluidine 


blue, results with the two stains were the 


same, although toluidine appears to be 


slightly more sensitive. 


Results of rechromatographing the 


System are 


same solvent 
The 


line of the 


fractions in the 


shown in Figure 3 material isolated 


from the st: preparative 
chromatograms again appears at that 


short dis 


paper! 


point with minimal streaking a 


tance down the paper. The mobile compo 
nent exhibits a well-defined spot migrating 
the same distance as heparin and part of the 
material, but metachromati 


parent some 


material also remained at the origin 


:water (1:1.5). Alcian blue st 
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HEPARIN 


MOBILE 
COMPONENT 
of HYALURONIC 
ACID SULFATE 


STATIONARY 
COMPONENT 
of HYALURONIC 
ACID SULFATE 


HYALURONIC 
ACID SULFATE 


3 (Talman and Harris) 
ac id 


sulfated hyaluronic 


propanol: water (1:1.5). Toluidine blue stain 


As indicated by Figure 4, this phenome 


non appears to be largely the result of over 


loading in order to improve the photographic 


When 


smaller quantities of material were applied, 


qualities of the chromatograms. 
little residual material appeared at the ori 
gin. This was especially noticeable with the 
buffer 


component are 


n-propanol: phosphate solvent. Re 


sults with the stationary 


shown in Figure 5. With the n-propanol 


URONIC 
SULFATE 


| 
OMPONERT | 
HYALUROMIC, 
acid 


HYALURONIC 
SULFATE 


Fig. 4 (Taln 
1 


component of the sulfat hyaluronic acid with 


(B) 37-percent n-propat 


with that of the 


two solvent 


Paper chromatogram comparing the behavior of the two main components 
unfractionated material and of heparin 


Solvent :n- 


water system, that is, the solvent used for 


isolating the material, it remained princi 


pally at the origin with minimal streaking. 


With the n-propanol:phosphate buffer sys 
tem, a streak of metachromatic material was 
observed which extended, at the furthest, 
less than half as far down the paper as the 
mobile component of the parent material but 
the great majority of the fraction remained 


at the starting line. 


Paper chromatograms obtained using increasing quantities of the mobile 


systems. (A) n-propanol:water (1:1.5) 


pH 6.5, M/15 phosphate buffer. Toluidine blue stain 
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TABLE 1 


PAPER ELECTROPHORESIS OF ACID MUCOPOLYSAC- 
CHARIDES IN 0.1 M PHOSPHATE BUFFER, PH 6.2 


Band 


Acid Mucopolysaccharide 
Limits 


Hyaluronic acid sulfate 0 

Mobile component hyaluronic acid sulfate 1 

Stationary component hyaluronic acid 
sulfate 

Heparin 


* Distance (in cm.) of trailing and leading edges, 
respectively, of main band from point of application. 


PAPER ELECTROPHORESIS 


These results are summarized in Table 1. 
In this experiment, the hyaluronic acid sul- 
fate and heparin behaved almost identically. 
Of the fractions derived from the hyalu 
ronic acid sulfate, the mobile component mi 
grated at nearly the same rate as the bulk of 
the parent material, but was localized in a 
slightly narrower band than the latter. The 
stationary component did not appear in an 
appreciably narrower band than the parent 


material, but moved somewhat more slowly. 


STaTiomary 


Fig. 5 (Talman and Harris) 


component of the sulfated hyaluronic acid with two solvent systems. (A) n 
(B) 37-percent n-propanol in pH 6.5 M/15 phosphate buffer 
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Paper chromatograms obtained using increasing quantities of the statior 
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On the paper electrophoretic strips, the sta- 
tionary component appeared to be somewhat 
more strongly metachromatic than the mo 


bile component. 


SPECTROPHOTOMETRIC STUDIES 


These results are summarized in Table 2 
which shows that heparin and the hyaluronic 
acid sulfate preparation differ somewhat in 
the location of their ultraviolet absorption 
maxima, the former absorbing maximally 
at 270 my. and the latter at 261 mp. None 
of the fractions into which the hyaluronic 
acid sulfate was separated chromatograph 
exhibited an _ ultraviolet 


ically absorption 


maximum. These findings correspond with 


those of Molho and Molho-Lacroix® who 


found the 270 my. absorption maximum of 


} 


their commercial heparin to be absent 


material which migrated paper chroma 


tographically. 
Spectrophotometric study of the toluidine 
blue complexes of the various fractions pro 


vided further evidence that they differ from 


lary 
5) 


propanol: water (1:1 


Toluidine blue stain 
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rABLI rABLE 3 


SPECTROPHOTOMETRIC ABSORPTION MAXIMA OF VARI- HYDRATION OF THE CORNEA IN VIVO SEVEN DAYS 
OUS ACID MUCOPOLYSACCHARIDES AND OF AFTER INJECTING THB HYALURONIC ACID SUL 
rHEIR COMPLEXES WITH TOLUIDINE BLUE FATE OR THE MOBILE COMPONENT OF THI 

HYALURONIC ACID SULFATE INTO THI 


ANTERIOR CHAMBER 
\bsorption 
Maximum 
Water Content 
Ne 
Pr edure Rabbit ) % of Normal 


Toluidin 
Blue 
Complex 5 mg. (0.05 cc.) hya 106 
luronic acid sul- 109 
Hepari fate into anterior 3 137 
Hyaluronic aci | 3 3 chamber of right 113 
Mobile component hyalut eye 129 


acid sulfate 119 
201 


112 

120 

105 

95 

95 

90 
Range: 90-201 
Average: 118 


Stationary component hyal 
icid sulfate 
Intermediate material 
icid sulfate 
Orthochromati 


absorption 
ymplexes of S mg 0.05 cc.) mo- . 168 
bile component of 173 
mponents hyaluronic acid sul- 150 
fate into anterior 310 
chamber of left Range: 150-310 
an apprecl ‘ve Average: 200 
it of the par 
aximum of i ucing ocular disorders. Injecting 
he mobile material into the an 
ly, appeared amber had no effect, but 5.0 mg. 
than that of caused marked hydration of the cornea with 


a consider in 24 hours. The contralateral eyes, which 
lowe1 d 5.0 mg. of the parent material via 


ne route, showed only slightly in 
ibly slight corneal hy 


irises and possi 


ition along the needle track 


orneal hydrations, seven days after treat 


jected with the two drugs 

In general, the mobile 

component produced greater corneal hydra 
tion than the original material, although, as 
usually observed in experiments of this type, 
the results were quite variable. From a sta 
tistical viewpoint, a larger series of animals 
treated in this w iV would be de sirable How 
ever, close examination of the data presented 
n Table 3 shows only one instance (rabbit 
No. 15) in which the water content of the 
cornea from an eye treated with the original 
iterial overlaps the values found for eyes 
treated with the mobile component despite the 
«chr tographic fracti fact that figures are given for a considerably 


hyaluronic aci ilfate retain the property larger number of animals treated with the 
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original material. Furthermore, comparison 
of the results on the two eyes of rabbits 
1, 3, and 6 shows corneal hydration to be 


uniformly greater in the eye receiving the 


mobile component. 
Section of the two corneas from one of 
the rabbits from this group revealed con 


spicuous histologic changes in the eve recei\ 


ing the mobile component and only minor 
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changes in the eye injected with the original 
preparation. The cornea from the eye treated 
with the mobile component showed marked 
vascularization throughout the entire stroma 
and a thickening and cellular modification 
of the endothelial layer was also observed 


( fig. 6). The absence of conspicious changes 


in the eye receiving a single injection of the 


unfractionated hyaluronic acid sulfate in the 


Fig. 6 (Talman and Harris) 
chamber with 
unfractionated hyaluronic acid sulfate 


Histologic sections of rabbit corneas from eyes injected via the anterior 
(A) 5.0 mg. of the mobile component of the hyaluronic acid sulfate. (B) 5.0 mg. of the 
(C) Untreated cornea 


~ 


HANGES INDUCED BY 


anterior chamber conforms with the previ 
ous observations that two injections via this 


route on successive days were required to 


produce permanent pathologic changes 
When the two materials were injected into 


the vitreous, the eyes receiving the parent 


material developed subepithelial or diffuse 


corneal opacities, with thickening of the cor- 


nea in some cases. Intraocular hemorrhage 


occurred at least once in all eyes injected in 


travitreally with the mobile component. A 


second hemorrhage occurred in two in 


stances and two cases eventually developed 
subepithelial corneal opacities 
> 


Twenty-four hours after injecting 2.3 mg 


of the stationary component via the anterior 


chamber, marked injection of the iris and 
varying degrees of corneal hydration wer 
noted in all eyes. After three days the cor 
neal hydration began t 


but the third 


in two eyes, 
became progre ssively worse 
A tendency toward corneal hydration is usu 
ally noted for a few days after injecting 


1 


heparin via the anterior chamber and in this 


respect, the ocular response to a small dose 
of the stationary component resembled that 


The 
in the third eve 


to heparin in two of three eyes. appear 
ance of definite pathology 


after this single small dose of the material 


suggests that its action is probably not en 


parin, howeve I 


tirely similar to that of he] 


CHEMICAL ANALYSIS 


Analyses of the parent hyaluronic acid 


sulfate and of the mobil 


S:N 


the mobile component may 
1 


groups per disaccharide 


component (table 


+), particularly the ratio, indicate that 
contain two less 
sulfate unit than the 


original material 
COM MEN 
Whenever a 


component parts, one 


mixture 1s resolved into its 
must consider the pos 
sibility that the products obtained may have 
been altered in some way in the isolation 
procedure. The absence of a maximum from 
the ultraviolet absorption spectra of any of 


the chromatographic fractions of the hyalu 
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TABLE 4 


ANALYSIS OF THE ORIGINAL HYALURONIC 
PREPARATION AND OF THI 
ISOLATED FROM II 


CHEMICAI 
ACID SULFATI 
MOBILE MATERIAL 


Mobile 
Component 
Hyaluronic 
Acid Sulfate 


Hyaluroni 
Acid Sulfate 


Moisture 

Carbon 

Hydrogen 

Oxygen 

Nitrogen 

Sulfur 

Residue from C & H 
S:N Ratio 


acid sulfate when the parent material 


ived con 


How 


chemical, 


a peak at 261 mp might be 
strued as evidence for such alteration 


ever, the biologic, and most of the 
properties of these fractions are those which 
might reasonably be expected if there were 
no alteration. 


Molho and Molho-Lacrotx° 


similar phenomenon with heparin. The com 


reported a 


mercial heparin preparation they used as a 


} 


starting material exhibited an absorption 


maximum 270 mp, which, they noted, is 


incompatible with the structure of heparin, 


and this maximum was absent from the 


spectrum of their mobile chromatographic 
fraction which possessed potent anticoagu 
lant activity. Thus, it seems likely that the 
ultraviolet absorption maxima displayed by 


heparin and the unfractionated hyaluronic 


acid sulfate preparation reflect the presence 


of a contaminant which is eliminated in the 


chromatographic procedure. 
Since absoprtion at 280 my is frequently 
used to assay content in 


protein 


studies, it seems reasonable to suggest that 


this contaminant may consist of a protein 
which is loosely bound to the polysaccha 
rides, and that this loose binding may serve 
to shift the absorption maximum of the pro 
tein to a somewhat lower wavelength 
Comparison of the chemical compositions 
of the parent preparation and the mobile 


material provides evidence indicating alter 
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tion of the latter in the course of the chro dase, anticoagulant and antigrowth 


matographic separation which is less easily blasts in tissue culture) activities increas¢ 


explained. The mobile fraction contains so with increasing sulfur content. It is not vet 
much less sulfur than the original material possible to decide whether the property 


and comprises such a large proportion of producing ocular disorders falls into eit 


ge | 
the latter as to raise serious doubt whether category, but it is interesting to note 

the remaining fractions can be sufficiently our re robably confirm those of Bal 
rich in sulfur to account for this differenc: and associates with respect 1 inticoagul 


lhe mest probable change would seem to be activity ; that is, the stationary componen 
the hydrolytic cleavage i » sulfat re inticoagulant and very likely 
groups per disaccharide unit, bi » prod contains mort lfur than the 
uct of any such hydrolysis n stable ponent. Furt more, it should 
since the material isolated as the mobile out that the 
fraction exhibited the same chromatographic of these tw 
behavior after isolation 

The possibility that such an hydrolysis 
may ensue whenever the hyaluronic acid 
sulfate is dissolved in water i vee sted by 


tr 


the close resemblance of 1 I 1lé raction 


to the parent material in paper electropho 


retic behavior. The st 
the other hand, appear 
event, when that product 
point of application and 
dence for the presence 
sembling the mobile f: 
ther study is required 
whether or not the original material under 
1 


ation 


went chemical changes di 
procedure, th fact 
isolated retain the abili 
pathology 

Although it is tempting to conclude fron 
these studies that nobil mponent 1s wic changes when 
more potent in producing ocular pathology nore subtle differen 
than the parent material 
must be substantiated an 
such a conclusion can safely bk 
Neither do the data thus far obtained permit 
definite conclusions 


potenci s of the two chr 
tions in producing ocular 

studies comparing a sit 

ronic acid preparation wit 

Balazs, et al.* found 

decrease with increasing sulfur content of 


the substance examined while antihyaluroni 


— 
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(npro 
olh nd Molho-Lacroix® reported their 
hey nw grated 
yn 25): times as tive an anticoagulant as the 
\ fraction remaining at th origi nd that 
) umong the ulfated acid mucopm saccl 
T rides they studied, only those which migrate 
hromatographically in a manner similar 
itogray il] 
eparin displayed anticoagulant 
Even should some correlation between the 
sulfur contents of the hyaluror cid sul 
nd their pathogenic potencies 
ne eve eventually 
rvation would offer 1 
‘ mechanist oft iction 
nO rey rit T he 
es than total sulfur 
sponsible Pre nary 
paration of the hvalu 
est that the 
in important role in its effects o1 ular 
ssues. The On n nega 
vious suggestion® that the hyaluronic a 
sulfate, being structurally s lar 1 ut not 
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the functions of other natural acid mucopoly 


saccharides which are unaffected by heparin 


Recent studies of gargoylism, a congenital 


disorder in usually 


constitute 1d of 


par 


neal maculat sug? 


that nature may hay verrorme me eX 

f acid mucopt 
re the a1 

acid from uw 


Thus, Uzman 
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by the appearance of 


of, 


eases characterized 


abnormal, or abnormal amounts acid 


mucopolysaccharides in the tissues and 


urine, may offer a further clue to the patho 

genesis of these ophthalmologic disturbances. 
As 

pointed 


] 


ov 


Forgacs and Franceschetti have 


out, the syndrome of gargoylism 


considered to reflect an et 


may ically 


ror in the metabolism of mucopolysaccha 


ride’?® and the corneal opaciti s which occur 


in this condition might arise from such a dis 


turbance 1 metabolism of the cornea it 


elf. Howe ippearance of corneal 
the sequelae of injecting a 


as On 


acid mucopolysaccharide 


red 
into the eye suggests the possibility that the 


corneal disturbance of gargoylism may 


cornea of ab 


g 
result from the action on the 


acid muco 
the 


normal, or abno il amounts of, 
produced else where 


ab 


ind excretions of acid 


nt, the demonstration of 
tulations 
diseases 


ap 


const 


in ophthalmic 


ides 


neously makes the 


pathology as a 
quence oO in unnatural acid muco 


] 
somewhat less remark 


polysac harid 
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bilical cord was undertaken. 
has shown, by isolating it from the lve We 
ind spleens of such patients, that the storag* S 
substance round I 1s OT patients 
with gargoylism nsists Of two chemica 
entities, one oft wl metachromati 

Subsequently, Dori nd Lorinez”? and 

WoO i 1 rides nol 

lroitin sulfate B as I nosultats body 

n the urine of s el Also, Jones In any ev 

ind Zimmerman™ have reported the pres- normal accu 

ence of terial staining char mucopolysact 

buttor re frot patients 

\ th 1 icular dystropl 

fter the niectio1 f mnatura icid lackson Park Road (1) 
icopolysaccharide it e and in dis morial Hospital (14) 
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Enpre A. Barazs (Boston) biological ef 
fect of sulfated hyaluronic acid n important field ration 
about which little is known. I hat the authors leacetylatior 
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ing this very difficult and challenging problem. Ten 
> we Ma le ttempt but 


uin difficulty tl 


used was polydisperse 
rity. Since the hyaluron 


its described was mad 


I wonder wha lroitin sulfate 


this hyaluronk preparation was 


tissue and the 
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be present 
1¢ work presented 
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REPRESENTATION OF THE 


NEAR-RESPONSE ON THE 


CEREBRAL CORTEX OF THE MACAQUE* 


Ropert S. JAmMPEL, M.D. 


yn, 


INTRODUCTION 


The ability to fixate binocularly, with clat 
ity, stereopsis and variable depth of focus an 
infinite number of loci in any frontal plane 
between infinity and a near point is found 


only in primates and man. This complex 
visual motor phenomenon is dependent upon 


the intricate and precise linkage of accom 
and pupillary con 
called the 


the near 


modation, convergence, 


striction—a triad that has been 


near response, the near reflex, o1 


synkinesis.’ For the of this paper 


the 


] urpose 


term near-response is arbitrarily em 


ployed However, this term does not ade 


quately emphasize eithe1 importance or 


} triad 


the complexity of this id. The near-re 


sponse embodies the most highly developed 
and motor 


and complicated visual sensory 


relationships, and imparts to higher primates 


dimensional 


und man a capacity for a three 
‘oncept of space not possessed by lesser ani 
mals. It is, in essence, the visual motor re 
sponse characteristic of man. An understand 


it 


ing of the near res} is vital to the in 
normal and abnormal oculo 


Most 


nus may be l preted as an 


terpretation of 


motor functions concomitant strabis 


ibnormality 


in this response 


The near respons 1 phylogenetically 


late acquisition, and ins its full develop 


ment only in primate rtain species with 
laterally placed eyes 1d limited binocular 


vision have monocular pupillary constriction 


associated with accommodation but lack en 


tirely a convergence mechanism. Conver 


gence appears first in higher primates and 


man superimposed on nore primitive con 


jugate gaze mechanism. It is supposed that 


it is the development of convergence as well 


*From the 
Ophthalmology, 
Downstate Medical Center 


Department Division of 


State [ 


New 


New York, 


York 


is stereopsis that goes hand in hand with 


the uncrossed visual nerve 


fibers in the chiasm.?*? 


appearance of 


the 


are 


Deductions and theories on neuro 


anatomy of the near response wide 
spread, but are based on relatively few facts. 
Experimental work presents many problems 
since it must be performed on primates. It 
is the purpose of this paper to briefly re 
view some pertinent literature, bring to 
gether some known facts, and add some new 
ones in the hope of increasing our under 


standing of this phenomenon. 


LITERATURI 


Review of the literature to date reveals 


no experiments in which accommodation of 


the eyes has been produced by stimulation of 


the cerebral cortex. On the other hand, con 
vergence of the eyes has been occasionally 
producd by cortical stimulation by four dif 


(1) 


lation in the primate of corresponding areas 


ferent techniques simultaneous stimu 


in the two frontal or the two occipital eye 
felds,* (2) lateral recti in 


the primate 


severing of th 


prior to cortical stimulation in 


the frontal eye field,’ (3) unilateral cortical 
stimulation in the primate and human,** and 


+) cortical stimulation in the cat, in areas 
known to produce conjugate horizontal de 
the 


the midbrain 


preceded by transection of 


Viations, 
brainstem at the junction of 
and pons.*® 

The investigators employing these tech 
niques were interested in the physiology of 
eye movements in general and convergence 
was noted only as an uncommon ancillary 
phenomenon to other findings. Little attempt 
was made in the experimental protocols to 
analyze the nature of the convergence move 
ments produced, to describe in detail the 
brain regions concerned in convergence, or 


to investigate the neuronal pathways in 
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volved. Russel,® in 1894, 


however, 


ROBERT 


in his 


experiments did incriminate the most caudal 


part of the principal fissure of 
the monkey 
neuronal projections of the f: 


cipital eye fields, from which h« 


the brain of 


With the Marchi technique the 
mntal and oc 


rizontal con 


jugate deviations are readily produced, have 


midbr in 


been traced into the 
It is assumed that the innervat 
subserving convergence are « 
Same or closely relat 
general they 

close the sa 


proximity to 


Pupillary constriction has 


from stimulation 
has been mort 
lation in the pr 
by 


Barris 


key Schafer’ 


in 1936 
pupillary const 
lower end of the 

lateral 
Marchi 


that 


the 


posterior 
ploying the 
fibers 


the 


from 
lateral ventricl 


body, 


zonale of the thalamus 


of 
niculate and 
Stimulation of the 


not resulted in eithet 


vergence, or pupillary « 
Magoun" 
he 


constriction duc 


ind and thei 


out 1 neuroanato! 


work not rele 


is 


emphasize that the 


cortexX 18 not nece Sar 


pupillary response to 


tectal contains the 


ire: 


nections and the 


syn ipt 


Accommodation nward 


eve (unilatera! 1dduction 


constriction have resulted 


of disc rete cell masses 


» the superior colliculi 


ers,’ in 1878, removed th 


und | 


Hensen 


cerebral 


ons 


onal patterns 


} 


ed Dy the 


d pathw iys 


resulted 
It 


mon 


worKed 
pupillary 
of 


their 


except 


ert bral 


1 pupillary 

mulation 
dbrain deep 
ind V Olek 


cortex 


and large sections of the diencephalon of the 


dog under m 


rphine narcosis and stimulated 


S 


dal Edinger-Westphal nucleus 
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the « xX pe sed 


floor of the third ventricle and 


third 


This was 


the iter. Stimulation of the floor of the 


ventricle produced accommodation 


} 


demonstrated by inserting 


equator of up to the surfa 


vitreous faradi 


Upon 


brainstem movement of. the 


terpreted as indicating ciliary muscl 


tion. Stimulation more caudally wi 


iter produced iris contraction and 


caudally, contracti 
ternal rectus 
Bender 


monxey en 


and 


tained pup 


ing in the « 


g 
oculomot 
tion was usual 
occurred only 
ing one 
constrict 
both iri 
it 


Clila 


hom 


increasing the 


duction was pri 


uently homolateral. 1 


r Westphal nucieus 
| 


1 Woodburne, 


phologically distinguished ; ral 


Crosby an 


1943, n 


ind cau 


but 


of th 
fir let +1 
since in on ot the homolateral 
within or in l 
ve helds einstein in 1943 n tl 
the Horsely-Clark stere 
in the frontal k wa instrument and minute currents ob 
idily obtained from stimu ee | ry constriction from stimulat 
Cortex 1 tne rsa rostral region oO ne 
in ISSS8 and in the cat by leus. The pupillary nstri 
irris obtained bilateral lv bilateral but on occasio1 
Dy st ulating the the hor lateral eve | u 
nost posterior part of helow the focus fry pupill ry 
gyrus I the cat En ie lin prot inent budging of 
techniaue he traced is bulging was attributed t 
ilong the lateral wall gary muscle contraction. Adductiotr th, 
e, over the lateral ge al eve was produced when stimu 
tnroug! the Stratur lating ore ventrally and caudally. By bring 
nto the pretectal area ng the electrodes closer to the midline and 
acco lation, con- {duced 
nstriction. Ranson Bender and Weinstein state, without a1 
students nlification. that this bilateral adductior nid 
hac he bye distingu hed fro the slower bilateral 
‘ tested by bulging ses W ) 


SENT 


ATION OF 


THE NEAR-RESPONSI 


wz V Hensem w. C Volkers 


4onaen 


‘ expt 
\ | 
e ¢ 1S es.) 
clea line of de ‘1 separating ther 
The rostral nucleus was assumed to be asso 
ciated with pupillary constriction ind the 


nucleus with odation. In the 


celled body ( ocuUulk otor nucieus 
ire grou] of rime ng the he 
iteral medial rectus and probably acting as 


the final common pathw iv tor all impulses 
to the medial rectus. The evidence for Brou 
wer’s'® contention that the edial recti are 


two separate and distinct 


adduction in 


groups ot cells. one s Se ng 
conjugate gaze (versions) and the other ad 
duction in convergence ergence) 1s con 


~ K eft n Hensen an Volkers (1878) 
~ 1 tior ¢ stem of the dog (see text) 
s ( ‘ commissura mollis; Ir., center 

s: R © 101 the center f the rest of 


Investigators have obtained accommoda 


tion and pupillary constriction from stimula 
tion of the intracranial portion of the third 


nerve,’® the ciliary ganglion,*® and the pos 


erior ciliary nerves as they enter the globe.” 
Che the 


may be noted by observing the movement of 


changes in accommodation of eye 
i needle placed into the choroid at the equa 
tor, by photographing the Purkinje images, 
the use of the coincident 
the 


by retinoscopy, by 
optometer, by evoked potentials from 
the 


the irises in the absense of pupil 


ciliary muscle, and by observation of 


bulging of 


1 


lary activity 


Lowenstein,’® in 1956, stimulated the 
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medial side of the intracranial portion of the 
With 


stimuli of low intensity there was homolateral 


third nerve with a bipolar electrode 


bulging of the iris. By increasing the stimulus 
he obtained homolateral contraction of the 
medial rectus in addition to bulging of the 
iris without pupillary activity. Further in 
the 


active homolateral pupillary contraction with 


crease in stimulus strength produced 
vigorous iris bulging and contraction of the 
medial rectus. By slightly moving the elec- 


trode he was able to obtain pupiliary con 


traction without iris bulging and contraction 
of the 


ciliary ganglion he obtained contraction of 


internal rectus. By nicotinizing the 
the medial rectus but no pupillary constric 
tion or iris bulging 

The 


prove that the impulses that result in ac 


evidence just outlined is cited to 


commodation, convergence, and _ pupillary 
constriction arise from discrete cell groups 
in the oculomotor nucleus and that the neu 


rones responsible for accommodation and 
pupillary constriction either synapse in o1 
pass through the ciliary ganglion.’® In other 
words, from discrete nuclear masses in the 
oculomotor nucleus originate the nerves of 
the final common pathways for accommoda 
ind unilateral 


tion, pupillary constriction, 


adduction. There are no cell masses within 
the oculomotor nucleus that appear to act as 
an integrating or controlling center for con 
Warwick,”™ 
presented other experimental and 
this 


or the near respons« 
morphological evidence at supports 
idea 

cell 


r pupillary con 


There are probably separate groups 


in the oculomotor nucleus f 
striction associated with the light stimulus 
and for the pupillary constriction associated 


with the near response and these cells must 


be in very close proximity. Supporting the 
idea for separate cell groups is the evidence 
for a separate peripheral pathway for each 


function, that is, the presence of accessory 


autonomic ganglia,** and the fact that ex 


tirpation of the ciliary ganglion in the chim 


panzee has caused loss of pupillary con 
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striction in the light reflex without affecting 
the near response.** Also, the dissociation 
of the light reflex and near response com 
monly seen in the Argyll Robertson pupil is 
due to the fact that they are controlled by 
two different supranuclear systems.’® 
It follows the 


thesis of accommodation, convergence, and 


from the above that syn 
pupillary constriction occurs at supranuclear 
levels. The question remains does this syn 
thesis occur in hypothetical centers in th 
brainstem, as frequently postulated, or at 


other levels of nervous function? 

EXPERIMENTAL WORK 
Experimental work performed on mon 
keys*® demonstrated that the three compo 


the 


by unilateral faradic stimulation of the cere 


nents of near response are obtainable 
bral cortex and that the areas involved pro 


the \ccon 


modation of the eyes, convergence, and pupil 


ject anatomically to midbrain 


lary constriction were elicited by stimula 
tion of various points in the transition re 
gion between the temporal and occipital lobes 
in Areas 19 and 22 of Brodmann (fig. 2) 
[hese responses were not obtained by stim 
the cortex (Area 17 of 
Brodmann). It is that 


appeared to rely upon the use of minimal 


ulation of striate 


stressed the results 


amounts of ether anesthetic and the main 


tenance of the animal at a level of conscious 


ness not too far below the point where volun 


tary eye movements are abolished 


Accommodation was qualitatively 
Che 


mined by the uss 
cham coin ident re frac tometer requires go “1 


of retinoscopy 


fixation of the ind since it is not 


ble to maintain fixation in the intact experi 


eyes, 


possi 
mental animal, it was found unsuitable for 
determining accommodation in these experi 
ments. Under ether anesthesia the refraction 
to the cor 


of the eye was determined and, 


rection in the vertical meridian, a minus on 
added in 
the 


If the retinoscopic re 


spherical lens was algebraically 
ducing a distinct “with” motion of 
tinoscopi reflex 


changed from a “with” to an “against”’ 


a 


ATION O} 


REPRESENT 


represent 


issociated wit 


abducens nerve; 


NIII., oculon 


tion following 


accommodation was assu 1 to have taken 


No 


accommodative char 


atte ide to quantify th 


plac 


change of 


ind 


iny 


less than one diopter would have been 


the technique employed 


“with” 


detected by 


When a 


change frot 


“against” motion in the ret 


Opie 


was obtained by unt faradic stimula 


tion in the cortical areas mentioned above ( fig 


issumed to have 


taken place. The accommod: 


2) accommodation was 
ition occurred in 


both eves and in each instance was accom 


panied by convergence movements and, ex 
cept one occasion, by 


The 
frequently of 


pupillar y constriction. 


movements consisted 


convergence 


idduction of the homo 


most 


THE RESPONSE 


ACCOMMODATION 
CONVERGENCE 
PUPILLARY CONSTRICTION 


INT, CORT. TECT. 


SUP. COL. 
~~~ TECT.— OC. TR. 


CORT, — TEG. TR. 


Macaca 
ctions into 
INT 


nucleus ; 


near ni 
CORT.- cortico-t act: 
NVL., abducens 


t -oculomotor 


resp 


ulus 


tract 


lateral eye. Less frequently a bilateral asym 
metric adduction of both eyes was observed 
greater movement was in the 


Also, a 


noted in 


in which the 


homolateral eve contralateral gaze 


movement was which the homo 
lateral eye moved a greater distance or at a 
greater velocity than the contralateral eye 
[his last observation was also made in 1917 
by Leyton and Sherrington® in the frontal 
field. 


[he pupillary constriction elicited from 


eye 


unilateral stimulation was usually bilateral 
and equal. On occasion anisocoria with the 
noted 


larger pupil on the same side was 


following the stimulation. The pupils would 


constrict no more than one third of their 


original diameters. Convergence and pupil 
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lary constriction occurred in association or stimulation is an artifact and probably does 
as isolated phenomena without accommoda- not resemble the cortical mechanisms in the 
tion. Barris’® was able to reinforce the pupil- intact organism. They indicate that the cere 
lary constriction produced by cortical strmu- bral cortex is involved in the near-respons¢ 
lation in the cat by stimulating both pupillary Accommodation was obtained in both eyes 
constrictor areas at the same time by unilateral cortical stimulation—apparently 


The responses obtained by varying the for the first time. It is interesting that the 


strength of the stimulus and slightly shifting accommodation observed with cortical stimu 
the electrode within ‘he temporal-occipital lation was always accompanied 

transition area are listed 1 rder of fre vergence of the eyes while cony 

quency as follows: (1) convergence (hom« the eyes was observed as ; 

lateral adduction), {2) convergence and enon. These reactions 


pupillary constriction, (3) pupillary con spectively, the 


striction, (4) accommodation, convergence _ tive-convergen 
and pupillary constriction, and (5) accon convergence 
modation and convergence The converg 
Che nerve fiber pathways which link Areas tion was most! 
18 and 19 of Brodmann to the tectum of the 

midbrain have been termed the internal 

cortico-tectal tracts by ruosl ul Hender 

son.** Recent work™ utilizing the Marchi 

technique as modified by Swank and Daven 

port®* has confirmed the existence of this 

pathway De gener myelinated fibers 

were traced from Areas 18 and 19 of Brod 

mann forward in a layer jt lateral to the 

visual radiations and parallel to them as far 

forward as the pulvinar of thalam 

From here they turned medially across the ori 
internal capsule through the pulvinar to demonstrated 
terminate in the tectum of the midbrain lary constriction 
(INT, CORT ‘ g. 2 and fig stimulation, 


) 


3). Other degenerated rs turned into the responding cort 


tegmentum of the midbrain without reaching _ pupillary constriction than unil 


the tectal areas (CORT.-TEG. TR., fig. 2 Thus, in pupillary cor 


and fig. 3). They could be traced only as fat iated wi near-response there 
as the level of the inferior lliculi, but are ably bilat | initiation and sum 


assumed to reach the abducens nucleus. They 


are probably responsible f the inhibition component 


of the lateral recti that place during trolled and 
convergencs of 
then art 


COMMENT 
i@vei, the pre tum and te 
Accommodation, convergence, and pupil brain. The neuroanatomi 
lary constriction have resul from faradic sented in Figure 3 
stimulation in overlapping areas of the pre At the cortical level the 


occipital (peristriate) cortex (fig. 2). These response, as is true fo 


a 


results are significant even though electrical phenomena, is influenced, augmented 
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modified by the total activity of the cerebral 
cortex. The impulses controlling the com- 
ponents of the near-response are then pro 
jected independently by separate, but adja- 
cent, neuronal pathways to both sides of the 
pretectum and tectum of the midbrain, but 
the dominant projection is homolateral. In 
the pretectum and tectum the impulses fall 
the 


less malleable systems, such as the light re 


under influence of more primitive and 


flex, feedbacks from the extraocular muscles, 


vestibular, postural, and cerebellar mecha 


nisms, and so forth. In their ultimate modifi 


cation the impulses are projected on the cell 


bodies of the neurones of final common 


pathway in the oculomotor nucleus and are 


transmitted separately to their effector or 


gans | rectus, and 


the ciliary body, 


the iris sphincter. Once the nerve fibers 


leave the oculomotor nucleus they do not de 


cussate. There is probably a separate final 
pupill 


reflex 


common pathway for iry constriction 


due to the light ind pupillary con 


striction related to the near response 

Besides the experimental evidence pre 
sented above there are other cogent reasons 
for believing that the near response is pri 
Che neat 


is present in only primates and 


marily a cortical function response 
man and is 


Its ap 
development of the 


a recent phylogenetic development 


pearance paraliels the 


cerebal cortex. It is the most complex visual 


motor phenomenon. Conjugate gaze, a mort 


primitive function, has been assigned spe 


cialized cortical areas. Convergence, a more 


complex and phylogenetically newer func 


tion related intimately “ar-response, 


This 


to neur logic 


has been assigned a midbrain center 


is incongruous and contrary 
thought. The idea of a midbrain center may 
be partially attributed to the difficulty with 
which has been obtained 


convergence by 


cortical stimulation 


S 
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Warwick” 
evidence that disputes the existence of a 


the 


was presented morphologic 


center for convergence in oculomotor 


nucleus. His arguments may apply as well 


to a midbrain center for the near-response 


CONCLUSION 


1. Experimental work®® has shown that 
the three components of the near-respons¢ 
accommodation, convergence, and 
be 
stimulation of the preoccipital cer¢ 
Areas 19 and 22 of 
\ neuroanatomi 


constriction—may obtained by 


1 
} 


bral 
of the monkey in 


(hig. 2) schen 


mann 
the near response is presente: 
This 


pre ype SI 


evidence used 


that 


1s 


tion there 


art 


functional nervous system 
in the near-response 

The first is the cerebral cortex which con 
trols, integrates, and synthesizes the 
of the three components of the near-respons« 


The 


tectum of the m 


second level is the pretectum and 


idbrain which modifies the 


impulses on a more ive level 

The third 
plex which acts as the final common pathway 
their effector 


id 


an 


primit 


is the oculomotor nuclear con 


and transmits the impulses t 


organs—the ciliary body, medial rectus 
iris sphinctet 
Che f 


converg 


act ence 

al stimulation 
Warwick 
integrating and controlling cent 
Perlia) f 


oculomotor nucleus 


tained by 


evidence to support 


so-called nucleus of 


in the 


150 Clarkson 


Michigan 
partment. Wit 
tion this 
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pit nneitive urse. the rel nce f these observations t mar 
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know of no positive evidence r cor il repre e monkey rea sa me esponse [his 
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nferential grounds it must exist ar vould presun key, who is a mean fellow, but the more |] 
ibl be situated in the visua SSX tior ire I Sout American 1 nkey, who aoes erat 
persor have not re yonnize spas the neat have ft irked puy netriction over te roe 
refiex as a manitestatior ict ig I have im plitude The iS quite 
seen it frequently is a tunctior . T ince Nor nverge on a Trails 
lo I recall that Penfield and Rasmussen (The Cer It should be pointed out that a lot of these ear 
wal Cortex of Man. New York, Macmillan, 1950 experiments would bear repeating on the basis « 
noted nvergence in their stimulator r tie mat the newer techniques nd newer 10eas rie 
uiversive movements of the eyes might ive masked re e that. M be t s W pt e us wit sore 
onvergence nd other aspects f the near reflex e! g 1 neuroy siolog l evidence na W 
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THE DARK-ADAPTATION PROCESS OF THE PUPILLOMOTOR 
PHOTORECEPTORS 


MATHEW ALPERN, PH.D., STEPHEN KirTal, A.B., AND 
ISAACSON, M.D. 


nm 


preted in terms of the “cones only” hy 
it n ve th pothesis ® Nevertheless if one uses mono 
1! one ¢ Cc 


chromatic (green) light it has been demon 
Although it 1s & 


- strated that the sensitivity of the photopupil 
ct consequence oT 


| .,.) response can be lower in the center of the 
neurophysiological 


" ¢ held than in the periphery, in the dark 
ire still far from : 


adapt d eye.! 
ry beginning, it 


nether the nunill lhe literature on the response of the pupil 
eT 
I 


in monochromatism is confusing. Geldard® 
1) exclusively 5 


studied one such case and found “ only 
both rods 


a very minute and immeasurable twitch 


of the pupil was evoked by light. Engel 


king®?° found in a similar case that in light 
adaptation the pupil was rigid (the German 
word is starr). On the other hand after dark 


1 


a prominent place 
idaptation the pupil responded with a 


antice Siar 
eg ‘“prompte Reaktion”’ to the first light stimulus 
equal in amount but somewhat slower than 
Ss unnecessat 
the response of the normal pupil in similar 
circumstances. Successive light stimuli, how 
were progressively less effective as 
idaptation progressed. Hess" found a 
response the ul in a totally 
color blind eye in the dark adapted state 
which did not show any decrement aftet 
successive stimulation and moreover the re 
sponse following light adaptation was also 
ite prevalent. One would be more con 
cerned with these apparent contrad; ‘ions if 


not now lear that there are several 


itions of the absolute thresh 

illomotor response are difficult 

ith psychophysical absolute 

role of scattering 

ind because there is eve reason to believe 
that our 1 iments for detecting the mini 
mum il changes are terribly crude when 
npared to the highly precise methods of 
modern psychophysics. Even so, comparisons 
have been made and authors have claimed 


that the photopupillomotor threshold is equal 


is 
When ic flachad 
pul] eacn ey 
+ +} + 
en la nis 1s 
} 
nul er or succes 
events the exact ce : 
S not know! lennite \ 
motor! photorecept rs 1 
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to that of the cones.*** Other investigators 
have found thresholds for the photopupil 
response lower than the cone threshold but 
considerably larger than (about two loga- 
rithmic units above) the rod threshold." If, 
however, the area of the test stimulus was 
gradually increased, the difference between 
the absolute visual threshold and the pupil 
lomotor threshold became smaller and smaller 
and, when the test stimulus was a hemisphere 
covering the entire visual field, the two 
almost coincide. 

Totally color-blind eyes have been reported 
to have a photopupillomotor spectral sensi 
tivity curve with a Amax in the green while 


the normal eye was said to show a Amax In 


the yellow.* On the other hand Laurens" 
found in bright lights the pupil was smallest 
in (equal energy) light of wave length about 
554.2 mp while in dim light the smallest pupil 
was found with light of about 514 mp. Wag 
determine the 


tried to 


man and Gulberg*® 


minimum amount of light at various wave 
lengths through the spectrum required to 
produce a criterion pupil response. For mint 
mum response criterion they found a spectral 
sensitivity curve which compared quite well 
with the rod luminosity curve but strangely 
did not change at all as 


Chis latter 


enough this curve 
the response criterion increased ! 
finding when considered by itself suggests 
rods” are the responsibk 


that “only the 


photoreceptors for pupillomotor response 
an implication which neither Wagman and 
Gulberg nor anyone else has ever drawn 
In this paper the matter was studied by 
measuring the dark adaptation process of 
the pupillomotor photoreceptors—a question 
which until now has not been adequately in 
vestigated. A number of experimenters, 
however, have measured the size of the pupil 


dark fol 
bright 


at various time intervals in _ the 


preadaptation to a _ rather 


Page* 


actually compared 


lowing 


light.2*7** Brown and in particular 
used this approach and ’ 
the change in the size of the pupil in the 
dark to the change in threshold during dark 


adaptation. They found that the pupil size 
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curve followed quite closely the dark adapta 
tion curve of the central fovea and consid 
ered this as evidence that only the cones are 
responsible for eliciting the pupil response 
to light. In this connection it would seem im 
portant to know the magnitude of photopu 
pillary response which can be evoked by a 
constant intensity light flash at various time 
intervals in the dark following constant light 
adaptation. If such information is available 
stimulus intensities 


for a whole gamut of 


then the data can be used to decide the in 


tensity of light which would be necessary at 
in the dark 
evoke a given response criterion It is this 
kind of a dark adaptation curve which would 


each time interval in order to 


be most comparable to the psychophysical 
curves if one is interested in the nature of 
the pupillomotor photoreceptors. This is the 
procedure which has been followed in the 


present experiments 


METHOD 


A. ADAPTATION 
made on two 
males. The 
is illustrated in | 1. The 


seated in a dark room and allowed to adapt to 


T hese me asurements were 


normal young adult ipparatus 


igure subject was 


darkness for 900 seconds. Following this he 


allowed his left eye to light adapt for 600 


For this 


to cover the 


pur p se a piece 


projector | 
provided with 


glass was fitted 
a 2X2 slide projector 
300 w 120 v coil filament light source (S 

The small tube was placed on the other sid 
of the opal glass and the observer’s left eyt 
was placed in the open end of this tube with 
its entrance pupil about two inches from the 
opal glass. This provided light adaptation of 
(10)4 


about 45 degrees in extent and symmetri 


1.55 ft-L. to a region of the retina 
ally distributed about the line of sight 
Following the light adaptation period the 
observer placed his head into a previously 
adjusted chin and head rest and measure 
ments were made of the response of the pu 


pil to light of various intensities of stimula 


| 
seconds. of opal 
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LAR@E DARK ROOM 


(Alpern, et al.). Diagram of the apparatus 


intervals in the tween successive stimulus presentations but 


tion at the following tim 
dark: 0.5, 1.0, 1.5, 2.0, 3.0, 4.5, 6.0, 8.0, 11.0, only five stimulus presentations were ever 
16.0, 21.0, 30.0, 45.0, 60.0, and 80.0 minutes. permitted in any given experimental session. 
In doing this two precautions were neces In order to be certain that these precau- 
ary in order that one could be certain that tions were adequate controls against such 


from the procedure. artefacts a number of measurements were 


artefacts did not ari 
In the first place it was necessary to be made in the dark after 30, or 45, or 60, or 


sure that the stimulus ‘st) flashes them- 80 minutes without any preceding stimulus 


selves did not interfere with the adaptation presentation at all during this particular 
rrocess. To be certain that this was the case dark adaptation interval. The responses so 


were allowed to elapse obtained did not differ from the measure- 


I 
).0-minute intervals 
between each stimulation by the test flash. ments made in the usual way. 


Consequently it was not possible to take data 


for each time interval i 1e dark during 3. INFRARED PUPILLOGRAPHY 


run, and the procedure had to be r Infrared pupillography has been demon 
peated a number I with staggered strated to be a valid method of studying the 
stimulus presentations in order to obtain a_ pupil response to photic stimulation by the 
response at each lected moment in the pioneering work of Loewenstein (especially 
lark ref. 27) and by Talbot.* In the present ex 

In the second place it was important to perime.ts the modification of the infrared 
avoid so called “habituation’”’ of the photo pupillographic apparatus proposed _ by 
pupil response. Recent neurophysiological Young and Biersdorff** was employed. For 
studies have shown that repeated stimu this purpose the helix (S,) of a General 
lation with any one of a variety of sensory Electric xenon flash tube (Ft 220) illumi 
stimuli (among them both light and sound) nated a ground glass which in turn was fo 
is associated with a decrement in the ampli cused on the anterior segment of the sub 
tude of the physiological response to this ject’s right eye by the lenses L, and L». The 
stimulation. Loewenstein®® almost 30 years flash tube, ground glass and the lens L, were 
before had found the «ame phenomenon in ina small dark chamber attached to the wall 
the photopupil response, which he later on the outside of the room in which the sub 
called “fatigue.” To avoid this effect not ject was sitting. A three-inch diameter cir 


only were at least five minutes allowed be cular hole was cut in the wall of the room 
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in front of L, and either sid tl sight. The light 
was completely cover: 1 four-inch sq peak flux of | 
piece of Wratten number & tr duration was s] 
atin filter (1) this wa) ver the Che spectral di 
flash tube (! a activated the anterior 

segment of wa nstantaneously 

illuminated with a heavily concentrated 

of invisible infrared 

pupil of the eye forn 


gether with the rest of 


was photographed on 


d film DY i G1 iss 


scope Cal 
ously at a spee f 50 mi: ( he camera about two 
was st: 

at a 

the fourtl 


flash was 


the 

shield to pre 
graphed (that is, the 
The test stimulus 
flash of lig 


diameter centet 


A — 
D. ISSAACSON 
output of the tube sh wed a 
14 (10)* lumens; the flasl 
ecified as 30 microseconds 
stribution of the flash tubs 
mum at 490 my and a I 
» of about half the ilue at 
nm was controll 1 by he fila 
small ophthalmoscope bulb 
tensity reduced to near vis! 
nches from the 1 oht Lhe 
ed this to orient his gaze. Since it 
ine his eve ft late of 
\ ib 1 ) degrees bel 
MEME presented to the left eye while pi his line of sight and he was instructed t 
tures were made at a ste idy rate t the right stare off t nhinity 10 degrees lit lv a ‘ 
eve. Pictures were taken unt e responst this giow After some practice both obs 
of the pupil was completed (upper limit of | ers were able to do this satistactoril) 
one half minute The rate f flashing of Measu nts were made on one sub 
was controlled i Lene! Lie ) TO! | ntensity of stu us flasl 
the second subject (H.D.) confirmatory data 
STIMUI S AND O H vere ‘tained at only ty lifferent st 
The stimulus flash was pr led by a se ntensities ind 2.0 neutral density hi 
ond xenon flash tube S lentical to that ters). For each stimulus intensity, observe 
one ust | Lo! phot vl I ng the right evi il 1 ti e inter n the dark for wl h dat 
ind the center of the grow olas vas cel three separatl sions 
tered along the line of sight a S fre lhe results wv inaly | by projecting 
the center of the entrances the left the pl negative | 
eve. The ground glass and th scharge tub reader W ncreased the 1 ge of the pu 
were mounted in a light tis sing by the pil about 13 its normal size. The vertical 
nanufacturer. A conical light tight cardboard liameter of the p easured in eacl 
tubs I vas attached to t her side of case so that the obliquity of the optical ax 
the ground glass nad tomdied 4 the sub of the et n the horizontal but not the 
ject’s left eve. At the eve « fF this tubx ertica plane uld not alter the result 
were mounted various densit either 0, 1 lo be certain that film shrinkage and ght 
, of WV number 96 Shifts of the 1 not change th g 
(“neutral lensity V) filter 2.0 1 nihication, t outer edges of 1 ris wert 
in diameter artificial pupil (P) centered on measur | also on each frame and this served 
sight. and rubber eve to calibrate each picture. It was assumed that 
y light | to the phot the absolute 1 f the outer d eter ol 
opposite or right) eye the iris was equal to 10 m: n calculating 
consisted of a rcular the size of the pupil 
ximately 21 degrees 
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periments as compared to the degree of light 


idaptation which they employed. 


ANALYSIS OF THE RESPONSI 
from a single obs« 

intensities 
arious time intervals in 
Figure 3. It is 
inspection of 
the interval in 
of the pupil 
reasing the in 


Che 


neous flashes 
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= aa e 
4 B 
/ 
f 
4 flasl 
4 the 
5.0 
4 ipp 
thes 
1 3 6 10 Oa 
MINUTES IN THE DARK ensity of the stimulus flash itself does. 
question immediately irises as to how to 
the 7 
pul n 1 est ite the magnitude of the response of 
to | the puy to these instant 
sa Most analysis of this kind quantify only the 
R maximum change in the pupil diameter, o1 
the maximu hange in pupillary area. It 1s 
A. Va \ ) clear. however. from the data of Figure 3, 
hat an portant riable not included in 
pre I cone h il inalysis 15S the way n which the 
no the f 4 lark follov pupil changes e following these brief light 
ng light adaptatior uUySIS Was pulses. [1 rder to include this iriable in 
ry raging the nts 1 le of pu the analy ve have reached the quite arbi 
pil diameter 1n the ite rior rary decision of analyzing the response in 
the resentatiotr is { lr} terms of the integral of the pupil diamete: 
esult f tl nts for t irve. If P, represents the diameter 
‘ eTvyers S n Figure 2 rt Ip ! e dark and / ts diametet 
il in the dar! ¢ Lt lt then the effect / f the flash can thus be 
‘ t for ft ntet f pre 
ont e 10 nit Chis definition of the eftect ot flash proved 
a onfined to flashes of light of duration less 
‘ than the reaction time of the puy ipprox 
we int of itely 200 Since no really satisfa¢ 
t nt tory relationship uilable ntegrating 
g ep 
l mathematically, the operation was ca! 
ed out u h case with a planimetet 
\ I , | ASH 
YURING DARK ADAPTATION 
Figure 4 illustrates the data for the sub 
g 
ect ].D.1. analyzed in this way. The figure 
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45 Minutes 
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TRANSMISSION 


FILTER 


data 
he 
intervais in the dar 


Arrow indicates the momet 


the diameter of the pupil in m: 


| (PoP )dt 


fe 
“o 


LOG 


STIMULUS 3 
FILTER DENSITY 


(Alpern, et al Three dimensional lo 
plot nses produced 


intensities of mulus lights and at 


Fig. 4 
garithmic 
by various 
time 


showing 


various intervals in the dark. The ordinates 


f the stimulus flas! 
}.D.1 


ylotted points are the means of three separate deter 


are values of the effect 


aS 
defined by (1.). Data are for subject | 


and the 


minations 


(7.D.1 


ul 


8 12 Sec 


is a triple logarithmic plot. The two horizon 
tal axes represent respectively the density of 
left eve and the 


interval in 


the neutral filter before the 


logarithm of the time the dark 


following the light adaptation in minutes 


The vertical axis represents the value of the 
logarithm of the effect of the stimulus flash 

by (1 Phe 
tensity of the stimulus flash the gr 
the 


Similarly prolonging the time in 


greater the in 


(FE) as defined 
eater the 
effect of flash at any given moment in 
the dark 
terval in the dark with any given 
intensity is also associated with a greater and 
flash 
quite clear that this latter process d 
For the effect of 


intensity 


greater effect of the However, it is 


not 


eS 


go on indefinitely a flash 


at any given stimulus appears to 


reach a maximum after 45 minutes in the 
dark. For time intervals longer than this the 
stimulus flash actually has a slightly smaller 
effect. 

14 


The data in Figure 4 can be analyzed to 
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Fig. 5 (Alpern, 


required to produce three criteria of 


response for subject J.D.I. Data are obtained b 


Figure 4 


sectioning the three dime I graph in 


at the indicated vertical lev« 


decide the stimulus filter density required to 


d criterion 


response by 
solid at 
rhe results of do 

levels (2.4, 1.6, 


ited in Figure 5 


produce any desir 


making horizontal sections of this 


vertical level desir d 
ing this at three 
and 0.8 mm. se 


In this figure the abs« ale has been 


garithmic, in ordet 


made linear, 1 


to correspond more cl to the usual man 


ner of presenting physical dark ; 


tation curves. It Figure 5 that 


the pupillomotor “dark adaptation” curves 


have the same general shape irrespective of 
the criterion selected 
three separ 
a. There is a fast decrease in the intensity 
required to evoke a given response criterion 


for the utes amounting fr 
about 1.0 to 1 arithmi 


This curve levels off 


units of stim 


intensity after a few 
about the same level 


the dark. 


b There isa narp decrease 


minutes and remains at 
until about eleven minutes in 
in the 
iatensity of the s ulus required to evoke 


a given response at about 10 minutes in the 


dark. This 
and half logarith: units in 
half later 


slowly. It 


intensity falls almost 


one the next 


hour. more 


um after 45 min 
utes 1 
c. After 45 minutes in the dark there is a 


slow increase in the ity of the stimulus 


required to evoke a criterion response. This 
rise is very small amounting to, at most, only 
one half logarithmic unit and it too seems to 


level off after 60 minutes in the dark. 


DISCUSSION 


“Dark adaptation” curves like those illus 
trated in Figure 5 can now be compared to 
psychophysical dark adaptation curves. 
Measurements were made of the psycho 
physical dark adaptation curve under the 
same conditions of preadaptation. A modifi 
cation of the McLaughlin dark adaptom 
eter®*’ was used to do this. Measurements 
were made 


the 


with a 1.5-degree white test tar 
get in temporal retina of the left eye, 
five degrees from the fixation point. The 
experiment was repeated on two separate 
days and the mean data are illustrated (as 
the open circles) in Figure 6. In this figure 
the ordinate is the logarithm of the threshold 
the target in ft-L. For 
“dark adapta- 


the lowest criterion studied 


luminance of test 
comparison the pupillomotor 
tion” curve for 
is placed on the same graph (solid circles) 
0.001 ft-L 
curve coincided with 3.0 filter density from 


The 


so. that of the psychophysical 


the photopupil curve luminance units 


ire he pl ysical 
bserver and the 
ordinate scale 

of the psycho 
yarithmic scale) 
» represent the filter density of 


the photopupil curve, 


] 
— 
3 ‘ ? 
MINUTE N THE ARK 
stead of 
5 
on 
us 
PHOTORUP 
ARBITRARY UNIT 
MINUTE N THE ARK 
Fic. 6 (Alpern, et al.). Comparison of the psycho 
phys und photopup1 lark lapt tor urves. The 
west curve Figure > 4S represented | the 
fille ircles. The ur 
lantatior 
Sa preada] 
represented | 
sical irve in f{ 
but the numbers als 
t ti is fla 
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in the latter are, of course, arbitrar' this p f the photopupil curve 
It is clear from this an: at remarl I due cone functi 

able agreement between 

exists for the first 


adaptation. During this pert 


pupillomotor and psychopl 


drop a little over 1.5 logarith 
the forms of the two curves art 
tical—so much so that 
can readily be drawn 
data. The agreement 
data for the remainad 


s striking 


utes then 


ment even at 


comparal 
and the 


curve 
} 


ved 
r which 


photopupil “thres 

physical cur 

findings at 


roluowin 


show 


dark 


or flashes 
juestions 


horter t | 


cient pupillos 


wove Caicu 


i). ISSAACSON 
curve 
wk. 
here is 
i curves onstrates ne opera on oOo rod run 
¢ units and Again the similarity of this part of the two 
ilmost iden curves suggest that this 1s true also for the 
smooth curve photopupil curve Che separation of the two 
th cet f -_ +} fant that in thic range ¢} nunil 
ets curves, ne il n n range e pu 
the sets ol curve never falls as far as the psychophys 
time in th cal curve it any given moment in the lark, 
dark is lesHMMMM than for the first 12 would suggest that while the rods are op 
minutes, but similarities pet erating to produce this curve the contribu 
In the psychophysical curve the following ion that thev mak: photopupil response is 
70 minutes in the dark are associated with a considerably) er than the cone contribu 
more or less smooth decrease in the thresh tion That is what might be called _ the 
old the total decret ent eing ipou Lua pb t¢ up tor ethciency of the rods is 
logarithmic units. This droy rapid up unttl onsiderably less than that of the cones 
25 minutes in the dar! nd proceeds much [hus in Figure 6 the ratio of the drop in tl : 
more siowly n ol pupil curve ré DS\ phy 
curve drops rat VY uD mtit 25 n curve M® 1 for the or curves 
ee ts fastest 1S ver than the Che pup rve wa etermin vit » 2] 
ble part of tl psyche curve leo ntrallv fixed shese wrhile thy 
maximum drop sp ot the psychcephys irve Was a 1 
s only 1.5 log rithi units [his 1s degree target s tated fiv 1egT Ss paral 
ter only 45 nut m tne iTK illy If these tw targets wer 
there is a slight inct se i be chophysica experiments the tv resulting 
\ reted th I I id b] | t] 
variety of evidence istered na 4 ‘ ha while cor 
Mmm that this part f the psychophysica parently sur tte quite inefficient — 
laptatior 117 cs due ¢ i\daptatio1 hiw o cs tion nronert har 
adaptation cu adapta Div gor spa su es 
ot the cones ind th rtu entity Of tne actet e Trix S101 
forms of the ph topup! nd sychophysica As col quet the decline f the “rod 
curves in this region oftet nvincing ev! lark adaptation curve of the pupil at a mucl 
slower rate than the comparable part of tl 
*] rder t ert t t e the I 
the tien fx that it reaches a minimut at least 
legitin f this proce vhethe one unit shave te 1 
not the ‘ I A 1S \ 7 
rt rose Since Cal Curve it the Same moment the dart 
|| to the rt w for flashe suggest that the rods are even more inet 
} omotor photoreceptors than the 
entiv. we | e tie t the | t 
light hit nit I nadicates 
pupil stimulus lig! 5 
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that both rods and present paper 
ptors but mal 


s correct, one would expect a 


| photopupil response in an eye com 
pletely devoid of cone function 


but with 
nal rod function. 


his is essentially what 
ird found in an observer* presumably 
of this kind.* The photopupil response for 

observer should have a rod spectral 


and this is what Engelking® 
‘ported although his colored 
ipparently not 


irve 
stimuli 
equated for equal en- 

is correct it 


curve 


ind J 


should demonstrate a Pur 
found this when 


ordinate for his 


Che failure of 


lbe1 to demonstrate any 
thing | I | 


»btain mono 
intensity to 


ponses of the 


chroma 


have 


internretat 
Inte pre ation 
cones al! pupillor 
that the rods are 1 ss ethcient in this 
respect than iré the nes pro des SOM 
Clarification of the te ire ontroversy al 
re idy 1x nted out Unless the eve €xX 
tremely dark adapt I scatter well con 
trolled one would nticipat that a bright sensit 
ight in the center of ( sual feld would has re 
do a mucht re efi ) constricting vere 
if «is ergy 
tion of photore pt il \ uld th | | nally, iT 
ght in the periphe f nd this is what is to be expected that the photopupil spectral 
bot Harms H \ipert ind 
ng ot : found. None kinje shift 77/7! 
ieless stim rods er th he used pupil size as an 
yroper conditior ¢ about a pup pectral sensitivity curve. 
if \ nett eeping 
f the results f ; eitzer’ o1 wieen the reciprocal of the intensity to pro 
thresh luce a criterion pupil change was the or 
Flamant™ stu te! tur dinate vas probably due erely to an in 
n 1 ince ‘ sunder 1 Dility of these investigators to 
ns of 1 it of loors She chromatic lichts of sulficient 
found that t ta t be represented evoke predominantly cone res 
\ sing tunctior is pup 
Re \ ntinuity het r rty-fiz nutes in the lark 
) ret : ns was present Che ps\ hophysi curve continues to fall 
( i Wi pine pup cu > ddenly rises 
sponsible only for l to 1.5 ! before leveling off. The reason for this dis 
nge in puy , mn tern f repancy is not clear. It is possible that this 
) vs i ) up ect cule S( depression 
‘ rods. At } 9 ooth functior f the motor rather than sensory sid f the 
cl ng na n quite ] luction the responsivitv of the ris mus 
} } ‘ 1 lee 
two curves | transition as the dec as xplanation must 
ccurred w ner iminance loubt as to the fact itself. The same eftect 
the 1 inges in tot was early ¢ lent observers and 
iLIST Su seems t Tree I probabDk instrument 
ind, as has already been indicated, at least rtefacts 
pat of the Dp dictions in th 
literature must be t the tact that a } ‘ ! \ ! Det r l us 
greater number f Iterent types of mon sions t ‘ I Walls and Heat and 
hy S ] ‘ ontrat pini but more 
recent e\ suggests ft t earlier view 
Tf 
a tted.** e interpretation in th 
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SUMMARY 
The dark-adaption process of the pupil- 
lomotor photoreceptors was studied by de 
of the 
quired to evoke a criterion pupil response at 


termination stimulus intensity re 


various time intervals in the dark. he curves 


so obtained show remarkable similarities 


(particularly in the so-called cone part) to 
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psychophysical dark adaptation curves de 
termined under identical preadaptation con 
ditions. It seems evident that both rods and 
cones are capable of serving as pupillomotor 
photoreceptors but the latter are much mor: 
efficient in this capacity than the former 
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DISCUSSION 


Looked 
viewpoint 
of 


Geruarp A. Brecner, M.D. (Atlanta) 
upon from a general neurophysiological 
the of the 
how nature relates 
input channel, the photoreceptors ul 
output Whereas the input 


cells in cerebral 


problem 


tron one 


work authors cerns the 


con 
intormation sensory 
1us motor 
channels information 
cortical 
lled 


alied 


ganglion 
there 


reaches sensory 


areas and elicits sensory phenomena « 


light and color of varying subjective brig! the 
of the 
must not necessarily parallel the inter 
The authors 


motor effects in one specific motor 


tness, 


strength output information to the motor 


areas Sity ot 


the brightness sensations the 
output area, the 
not such 


iris muscle, to test whether 


xists. They thought that the 
the lack of it 
the details of the visual receptor 


or parallelism 
parallelism 
about 


1s whicl 


legre 


or might reveal inf ition 


are responsible tor pupillary motor 


debated in tl ps ; hetl 


the them 


Since it has been 
the 


receptors for 


er 


either cones or rods or both of act 


as 


the pupillary reflex, the authors 


information of 
the subjective dark ad: 
to 


initiating 


used the known 
iptation curve 


reasoning differentiate between rods 


as reflex receptors 


as it is | 


al 
accepted concept that the 
dark adaptation curve 
of 


which have, according to \ 


proach is 


is caused b 


two types retinal recept 
lifferent response thresholds 
The reasoning of the autl 
parallelism of the 
id the threshold 


reflex 


classical dar id ition curve 


response curve of the pupillary 


could be found, this would reveal the func 


REFERI 


1. Schweitzer, N. M. |] TI 
adapted eye Doe Ophth., 10:1 78, 1956 
2. Brown, R. H., and Page, H. I 
1939 

3. Hess, C 
60 : 327-389, 1908 

4 Investigations concerning 
concerning the pupillo-motor receiving organs 

5. Harms, H 
1949, 


ireshold 


Untersuchungen zur Physiologie 
the extent 
Arch 


measurements 
Pupil dilatation and dark 
und 
of 


Grundlagen, Methodik und Bedeutung der Pupillenperimetrie 


listinct 
be 


llelism 


tioning of pupillary 


These would probably rods and 


ther hand if 
lished the 


respect 


such para could 


results would be 
The m 


see whet er the 


mcon 


un task of a critical 


experimental desigr 
tion was satisfactory to answer this question. it was 
thod 


e impossibility to 
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be pointed out. It tl 

dark adaptation 

the test 
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The result o 
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dark adaptat 
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the In other respects the pupill 
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retinographic studies. These findings were 
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INTRODUCTION 


of flicker measuret ts te 


Che use assess 
retinal function was proposed by us in 1958 
At that the 


approach to the problem and those of pre 


time differences between our 


most current was 


Phe 


used since that report has 


vious and 


Inve Stigators 


described apparatus de ve loped and 
been only slightly 
le scribed 


changed, and can be quickly « 


APPARATUS AND METHOI 


50 degree 
nall 
spot one degree in diameter is the flickering 
above 


and below the background at any controlled 
Che rate 


The constant surround area 


in diameter. In its center a st circular 


stimulus. This small area is alternated 


contrast from zero to 50 percent 


s accomplished by a rotating 


of alternation 1 
sector wheel driven by a synchronous motor 
desired 


This 


fre 


fed with alternating current at any 


> 
30 


frequency between 


permits presentation of s 
22 to 46 cycles per second 
In the presently described experiments, 


the background was maintained at 60 cd/m’, 
flicker 


and 63 cd/m* 


and the area alternated between 5, 


or at five percent above and 


five percent below the background 


Stimuli are presented in a constant order 


to the subject. Since 


the 


which appears random 
differences were found between rates of 
the right and left eyes, records for separate 
eyes ar¢ reported, rather than for subjects 


When one eye 
cluded with 


is observing, the other is oc 
a translucent screen 


of the 


preventing 


stimulation flicker to that eye, but 


maintaining its state of light adaptation 
Each change of rate is preceded by a warn 
ing signal. The subject responds by sound 


I very 


ing, or failing to sound a buzzet re 
Nonr 


vundatior na the 


This study 
750(00), between 
of 


* From the Eve Researcl 
was done 
the Eye 


Naval Research 


contract 


under 


Researcl Office 
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RETINAL LEVEL AS EVIDENCED 


AND WILLIAM M. Hart, M.D. 


Varyland 
sponse is individually recorded. The period 
of flicker i 
200 to 450 stimulus changes are i 


so that fron 


luded 


s about 10 seconds, 
in 
each trial. 


Che 


two 


flicker stimuli were presented 
ranges, a slower range from 22 t 


per second and an overlapping faster rang: 
Ele ve 


r 22 pel 


from 30 to 46 per second n rates were 


presented in each range, o subject 


per eye, and each was repeated at “1 indom 
for a total of six times. Reported below 


records of over 38.000 tals 


such 


Subjectively, should be empha 


the perception of flicker is quite 


than the perception ot alternating light 


perceptual phenomenon is quite rec 


ind appears as an ert 


the flict 


able as an entity 


flashing of small within 


spots 


irea, which become less frequent, and finally 


disappear completely when the flicker rate 


exceeds the critical fusion frequency 


[TREATMENT OF DATA 


ati 
For 


the data, 


convenience in graphically presenting 
the 


time-intensity relationships which follow, the 


as well as to better understand 
stimulus rate has been expressed in time of 
That 1S, 
second, 1/40th of a second repre 
1/80th th 
Thus 10 fl 


half cycles where the stimulus rate 


1S 40 pe r 


sents a full cycle, and duration 


a 
ICKeETS Pe! 


of each half cycle 
second, the light is bri; 12.5 milli 
for 25 milliseconds 
half therefore 

} 


varied from 10.8 to 23 milliseconds through 


seconds, and dimmer 


The times of these cy 


out the experiment 
Perhaps the most important lesson physiol 
physics 


deduce 


ogists can learn from modern atomic 
is the method physicists have used to 
the characteristics of the many submolecu 
lar particles These particles cannot be seen, 
be 


nor measured, but their effects can 


seen 


and measured. Similarly, we cannot see nor 


Siesda 
in) 
34 
he 
334 eves 
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Observed frequencies of responses as percent of presentations 


38,324 records nm 344 eyes 


of responses 


frequency 


In order to do this, it is essential that a 
large body of data be rccumulated. From 
the study of the variance of these data, we 


ay be able to establish the manner with 


which the human eye responds to certain 


specific light stimuli. Our method will be to 
vith new accuracy examine the statistical appearance of the 
ll use are con data, in probability arrays 
iation of neu 
DESCRIPTION OF RESULTS 


Tre sponses a 
stimulus 1 \n item analysis has been completed for 


ul responses This is plotted in Figure l as 


frequency of response against duration of 
one-half cycle. From its appearance, we can 
at once deduce that there are two probability 
curves, one for the slower range, and one 
for the faster range. That is, in the same 
ulus of 16 milliseconds pet 

“flicker” in 75 percent of 

the faster range, 

slower range. The 

between the two ranges 1s 

different. There were no 


chanical changes in the ap 


that both the try t ormal (saussian curves 
stimulus and the responsive mechanisms at t he two arately, we get the re 
variable. Howevet ch maintains it vn ult 101 n 1e method 
iar variance, and theref \ ‘ tud ing t r\ th described by Fin 
he variability of 1avVi01 yrdet ney.” The frequencies were plotted on “prob 
tablish, by deduct logic, » nature of ibili ile” graph paper, and the best fit 
by } method of 


neural responses which lead to perceptior ting line was determined 


NEURAL 595 
00; 
. 
Fig. | Peckl Hart) 8 
Distributions fre re 
sponses of flickering st Oner 
60} 
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tre ll to 166 1 s (45 
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ircles show slower 1 : t sti 
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33 to 22 flickers . 
- siower range 
2 3 4 5 6 ? “ 9 2 Z 
2 cycle milliseconds 
yminance 4/m? trost» + 5% 
measure the intrace ir activity of living 
nerve cells, but we can see and measure the 
effects. In order to this, we use the tools 
t first, because they are unfamiliar, bu 
nroner nse of statist 
| | 
escribe neural be I 
cerned With measur®&ring 
ral responses. as the neura 
etter ve is perce] VV net 
resent SU c res 
| ented 
one f perceptior : of perception 
\ het the stir 111 ( on 
W he l pr l 
Tit irly certall I Veak per ep ol 
vy De absent. ¢ ‘ Retween thes 
extremes, a given s is will not alwavs 
irous¢ he | 
tro weak am s stronge! iroust 
percepuiol with ng probabD ty i 
techni ue OT esti! | thnresnoid 
ception Dy deter nil tne inges pre ) 
ibility of respons n as the psych 
ind is well establis paratus 
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range seporotely, by method of 


HART 


east squares 


Fig. 2 
Normal 

curves fitted to data of Fi 
The fit ive, but 1 
quate 


Hart 


listributiot 


> L-} 
(Peckham and 
( Gaussian ) 


ure 


slower ronge 


undoubtedly two 


tj 
still do 


There are 


but 


least squares 


distributions, the data not fit 


well. 
Blackwell has pointed out that 


responses to visual stimuli should usually fit 


threshold 


either “normal,” “log normal.” or Poisson 


curves.’ He correctly points out that dete 
mination of curve type is unlikely, unless 
great, 


observations 1s very 


the 
being in the order of more than 2,000 pre 


number of 


sentations. There are, here, sufficient num 


bers of data reported. 
The 


transformed normal distribution 


“log-normal curve,” is actually a 
Che func 
tion takes the mathematical form of replac 
(X-A)” for “X” in 
in our case, X repr 


17 
milliseconds. 


the normal 


ing “log 
sents the dura 


The 


be determined empirically 


equation.* 
tion of the half cycle in 
\ must 


value for 


9 20 


seconds 


iginal 


It represents a limiting factor in the or 


distribution, which affects chance or 


prob 
ability of response as an independent con 
stant. Unfortunately, Blackwell has limited 
his discussion to the when 


A=0 


As shown in Figure 


special case, 


3, when we plot th 
log (X-A) where A (). 
find 


slower range as 


hmic function, we 


or as a simple logarit 


an excellent fit for the data. The faster rang 


finds a satisfactory fit when A ll. 


Since these curves de scribe the data so 


nicely, we ne consider the between 


the curves 
Figure 3 

Expressed as a distribution, in | 
the difference area shows a nor 
Plotted in 


tion of log 


shape, slightly skewed. 


grated form as a fun 


each range Seporctely 


faster range 


slower range 


° 


Log-normal curves 
data of Figure l The 

cellent, when the logarith: a 
takes the form of (X-A). For the 
o, that 1S, 


For the 


slower range, 

4 is too small to estima 
range A 
The sl aded area in 


enhancement, 


% frequency of responses 


taster 

seconds 
the 
arately 


amount of 


analyzed in Figure 


faster 


range 


slower range 
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Differential distribution Detween ranges 


Normal log(X-A) curve, when 


(Peckham and 


Fig. 4 Hart) 
Che differential distribution between 


the two curves of Figure 3, show: 
as a relative frequen listribu 


broken line), 
summated logarithmic 


where A 0 (the solid 


tion (the 


fits perfectly a log-normal distribution with 


zero limiting constant 


DISCUSSION OF RESULTS 
directed 


As par 


it has been possible to 


Thus far our effort has been 


only towards describing the results 
of this description 
express the results in the forms of clearly 


defined summated prol 


al ility functions, the 


curves of which can be shown to nicely fit 


Now 


curves have meaningfulness of them 


the actual distribution of the data. 
these 
from this meaningfulness we 


selves, and 


wish to express our conception of the in 
ferred theoretical behavior of the retina. 

We have demonstrated three distinct func 
tions, as evidenced by their statistical be 


havior patterns function is the 
which is a 
(X-A), A 


This function has a normal and 
follows the 


response to the ange, 
log-normal curve 

equals Zero 
typical response variance, and 
Weber-Fechner 


probability of perception 


law of linearly increased 
as the logarithm 
of the stimulus time increases, other factors 
We believe 
the primary cone response in the 
area being examined 

A second 
imposed on the first, but 
This 
quires a time factor in the expression (X- 
A). “A” 


to obtain a proper probability fit for the dis 


being held constant that this is 


macular 


function appears to be super 


within the same 


stimulus range second function re 


must equal 11 milliseconds in order 


frequency 


otive 


s0 
8 20 2) 


2 cycle duration im milliseconds 


data. At 11 milliseconds 
duration, the term X-11 becomes zero, and 
the responses of both 


most entirely. When X is about 15.5 milli 


tribution of the 


functions cease al 
seconds, X-A bec« mes 4.5 milliseconds, and 
the secondary function reaches its peak of 
enhancement over the primary function. 


When Xx about 20 


the primary function has reached certainty 


becomes milliseconds, 
of response, and the secondary function is 
no longer effective 

Examination of the differential distribu 


tion, between the two curves, indicates a 
third function with a log-normal response 
11-millisecond time constant 


This 


function follows the same type of Weber 


curve, after the 


has been accounted for enhanced 


Fechner law as the primary function, “A” 


equalling zero. 


[THEORETICAL IMPLICATIONS 


In the following discussion we must de- 
fine our terms exactly. Stimuli are described 


with reference to the limen or threshold, 


which is the level of 50 percent probability 


of response. Supralimenal stimuli refer to 


stimuli of higher probability, that is, above 


50 percent. Subliminal refers to stimuli of 


lower probability, that is, less than 50 per 


cent. Enhancement refers to an increase in 


the measured probability of response of a 


given stimulus level. Summation refers to 


the accumulation of more than one stimulus 


into a single response. Summation can be 
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temporal, when two or more successive stim- 
uli are accumulated, or spatial, when two or 
more simultaneous stimuli are accumulated, 
situation 
be 


havior of neural systems, for the reason that 


into a single response. The flicker 


1s unique, in the study of threshold 


the repeated alternation of the light permits 
these peculiar phenomena of enhancement 
accumulate. Since we 


the opportunity to 


know, through the study of saccadic eye 
movements, that repeated fixations normally 
supply the visual end organ with repeated 


stimuli, it would seem that flicker experi 


ments more closely approach the natural 
visual stimulus than do single flash experi 
ments, and that, therefore, they represent a 
somewhat more adequate testing environ 
ment for the study of threshold phenomena. 

It is interesting to turn to the functional 


description of retinal anatomy as presented 


Direct channel 


e f 


DIRECTION 
F LIGHT 


b' f' 


(Peckham and Hart) 


primary bipo 


a’ 
Fig. 5 hemat 
Polyak’) 
indicated 
the mediation of a “summating bipolar.” 
a “conditioning bipolar,” aroused by the 
traindicate spatial summation, but support 


The cones, 


The direct channels aré 


temporal 


Spatial summation 


representation ot 
ars, ganglion cells, two types of 
shown as a-a’, b-b’, c-c’ Spatial s 
summation is it 
fring through the 


SUITING 
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by Polyak in further discussing our results 
Shown schematically in Figure 5, various 
elementary types of retinal neurons are pre 
sented. These include the cones, the primary 
bipolars (Polyak h-type), the ganglion cells, 
and two horizontal bipolar association cells, 


(Polyak e- or f 


type) and a “conditioning bipolar” 


a “summating bipolar”’ 
{ Polyak 
l type assoc iation cell). 


In Figure 5, at the left, we have indicated 


the condition in which only the direct con 
bipolar-ganglion neural channel is used ( cones 
a, b and c). Unless the cone stimulus re 
sults in a signal capable of passing both the 
cone-bipolar and the bipolar-ganglion cell 
will be no afferent signal 


synapses, there 


and no perception Responses in the prob 
ability function shown in Figure 3 for the 


slows r range could be accomplished by this 


simple and direct neural mechanisn 


Temporal summation 


cone - bipolar 
synapse 


primary bipolar 


conditioning bipolar 


bipolar- ganglion 
synapse 


ganglion ceil 


to midbrain 


summating bipolar 
! 
! 


g' h' 
prin 

bipolars, ar 
1 is indicated in f-e’ 
* after mediati 
chann data here preset! 


ition 
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Comparison of faster range distributio 


siower 


Spatial summat nses could be 


iccrued by the inclusior summating 


shown Figure 


bipolar 
He 


through a 


any cone whicl | may fir 


cell 


f-e’) incre ne probability 


Chis 


afferent signal, ar 1 perceptual response 
We can 


of such a neural syste is compared to the 


Such a calcu! 


calculate the greate1 effectiveness 


direct channel 


tion requires the 


new power functions of the 


expression of | 


basic slower rangé as shown 


Figure 6. The 


} 
mecnanism 


the ‘“summating 


(Other 


inade quate 


conditions than those 


stimulating 


might arouse this mechanism 


here reported 
\ third schematic mechanism is shown in 


Figure 5 as temporal summation The con 


when arou 


ditioning bipolar, 


direct channel k’ to t right 


to activity 
by the 


figure) would inet the proba 


bility of firing through other bipolar 


Any stimulus response, 


ganglion synapses 


passing the cone-bipolar 


at 1, Synapse 1S 


now almost certain to pass the bioplar-gan 


glion synapse. If the duration of such de 


creased synaptic resistance is about 11 milli 
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range distribution, 
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nm to power functions 


when py= I-(I-p 


slower ronge 


seconds, as under the specific conditions here 


reported, the enhancement shown in the 


faster range curve could result. The form of 
th:s enhancement, corrected for the 11 milli 
second interval, and impressed on a proba- 
should find the 


shown in Figure 4, 


bility function, log-normal 


distribution 


have 


since we 


again only a simple neural chain in 


volved in the response 
It is not difficult to appreciate why the 
found in the 


enhancement 1s faster range, 


and not the slower. In both ranges alterna 


tion rates are at random, but in the slower 
range the stimulus varies from supraliminal 
to liminal, and in the faster range, from sub 
liminal to liminal. If the stimulus is supra 
liminal, all cells and all synapses will tend 


to discharge, with or without enhancing or 


With 


stimuli there will be fewer primary responses 


conditioning mechanisms subliminal 


to the alternation, but those that do occur 
may serve to improve the receptivity of their 
find that 


more 


neighbors. Hence we the faster 


range serves to elicit responses than 


the slower, although the ranges overlap, and 
the extrapolated distributions are restrained 
within the same total range 

The data here reported refer to only one 
level of luminance, and to only one degree 
Having discovered this 


of contrast new 


island, as it were, in the ocean of neuro 


physiological uncertainty, a fascinating pro 


gram of exploration has been opened to us. 
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ROBERT H. PECKHAM 
SUMMARY 

The psychometrically determined thresh 

old of critical fusion frequency for low con 

trast foveal flicker has yielded evidence of 

enhancement of response to subliminal stim 

in the retina are 


Three mechanisms 


considered to explain the results. The pri 


uli. 


mary response is traced through the bipolar 


cells from the cones to the ganglion cells 


AND WILLIAM M. HART 


Spatial summation, which could occur from 
several cones, through a special type of bi 
polar, to a single ganglion cell, is denied by 
the distribution form of the data. Temporal 
summation, within a specifically established 
time limit, is supported, as mediated through 
association cells operating at the bipolar 
ganglion cell synapse level. 
8218 Wisconsin Avenue (14 
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{ ni 


certain 


ADLER 


adelphia) : 
conclusions 


Dr. Francis H 
Peckham and Hart have 
by subjecting their observed data t 
Unfortunatel 


mathematical 
athematical treat 
However 


treatment this n 
ompre 


read 


ension. 
admit that 


upor the value 


ment far beyond my 


is 
this in m 
of this 


friends will ily 


close 


reflects 


my 


way unfavorably 


paper 
There are certain things that seem to me worth 


mnclusion that 


inquiring about. To begin with, their 


their data can best be explained by 


temporal sum 


rather than by spatial summation would 
seem to me to be true a 

hat their 
fixated flickering light 


nstant backer 


mation 
priori n the basis ¢ f the 


stimulu is a ol legree centrall 
luminence 
iwainst a ci 

The fact that it was me-deg é 
stimulus means that the photoreceptors which were 
and of 
private-wire 


trally fixated 


gely foveal cones, 


had a direct 


examined were lar 
a large 
of communicati 
Therefore, spatial summation | ild be ha 


being 


the later geniculate 


rdl 


type al 


ly 
like ly 

I wonder 
one-degree 


DOr 


ents 
20 


their measure 
let 


a popula 


will 
target 
uch will u 


if they repeat 


using a situated, us Say, 
degrees from fixation, 
photoreceptor ) ds an 
private line type of 
party-line type of communication 
would expect to find spatial summation 


Because of my obvious inadequacy 


having 
communication but a 


which 


tion cones 


not a 


Ol 


from we 
to discuss this 
paper properly from the mathematical point of view, 
I called Dr. Johnson and suggested that Dr 
Askovitz, of Philadelphia, he put on the program in 
my place. You all know of his mathematical ability 
Unfortunately, the program had gone to 
press, but he kindly accepted the invitation to come 
here and it from the mathematical view 
point. 

Dr. 


Samuel 


already 
discuss 


Samuet Askovitz (Philadelphia): Thank 


you, ler, your kind ren 
comments 

I would like to 
Improvement 

publication, namely, the fact 
lumination of the 
surround. Otherwise there is a problem 
it is the difference i 
it 


authors 


th: 


entral area was the 


illumination that is bei 
the flicker 
to be 
a rather impressively large 
trials 


criticisms that I woul 


whether really itself 
The 
or 


repeated 


or 


is 
are also commended 
use series 0 
However, there are 


like te 


nature of inquiring whether t 


and 
bring up, more 
> autho ] 
by 


Perhaps they can answer the 


was intentionally made brief 


limitatior 
and space 
to our complete satisfaction 

The question of 
speed of flicker tl it 
important. It 
millisecond 


is 


conditioning by 
used 


was mentioned that at 


was seem 


sometimes the 


response 
positive and sometimes the response 

positive. With this great a discrepancy in 
or 


it seems to me it ts difficult 
athematical 
If conditioning is 


resp mse, 


how any n conclusions ¢ 


with any degree of accuracy 
of this t: 
random presentation of 


some systematic presentation of the « 


rreat impor 
perhaps instead of 

flicker, 
of flicker should be made. For example, if the 
millisecond speed was preceded, 14 
15 or 17 milliseconds, could conceivably still 
be completely within the rapid range or con 
within the slower range 
there was such a great difference. 

The next question that I have to : the 
is on the rather clear-cut distinction in the tl 
possible types of response. What it to 
their approach was, I would state as follows 

Either there is direct response, or there is spatial 


speeds 


raer 
16 
ay, by 
these 
It was difficult to find wl 


seems 


and 
— 
the it rc 
nmend thet 
€1 prev 
iverTage 
Same S the 
ot whethe 
Tew 
uestions 
ranos 
me quite 
§enercenft 
34_nercent 
percentage 
to in ine 
be Te ed 
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temporal summation. It below that of the surround. We did it because we 


summation, or there is 
were interested in stimulating both above and below 


that sufficient consideration was not 
mixture otf the level « 
Certain experiments that we will report, perhaps 
year, will concern themselves with the differ 


seems to me 
given to the possibility tha re is a 
various types of response even in the same subject 
Certainly with over 100 subjects perhaps some sub next 
ts responded in one way and others in a different entiation as to whether the bright or the dark phase 

In particular, in the use of N, the spatial sun is the stimulus for the flicker 


1 adaptation, with low contrast 


V response. This is a 

mation of the number of impulses, perhaps some very important question, but we have data to 
n tl response present with regard to its resolution 

ype ot « The effect » range of stimulus is a real 

to p u at the types of puzzle. These were the same people, who saw 75 

stimuli when presented in the rapid 


when the same stimuli were 


mixing of different values 


could give a differer 


Also, I would like 
curve used, namely, the logarith: he normal percent of the 
ind the ref mad the text range, and 3 percent 


es presented within the slower range. We actually did 


t out to find the specific ranges that would be 


(saussian curve, 
only typ 
ex not Se 
nost effective. Had we 
acLaurit could fit 1 y type lata, oO under conditions in which the rate was almost en 
\ tirely faster than the critical frequency, so that 

very few responses occurred, only a few of the 

subjects would have respor ded The majority would 

have responded at all. Conversely, had we 


to Poisson curves 
nis type 
ample, that performed this experiment 


1 slow range, high on the scale of response, 


all the subjects would ha responded to 
every stimulus 

In the analysis he data, 
Probit Analysis method, values of response at zero 
and 100 percent can not be used. If we were to us¢ 


when we use the 


a Poisson analysis it is possible that the rare re 
sponses could have been 
e analysis could have been made on 


included in the analysis 


the f rare responses H ywwever, we chose 


this particular n od because it permitted excel 


lent fit for the 

lf you 
curves is such that the standard deviation is ap 
proximately 4.0 milliseconds. The standard devia 


tl for a gle individual is only about 0.5 or 
millisecond. In other , very frequently 

sara] le > 
individual will 2 per s¢ 


with no response, +] h arly half re 
and to ith complete response, as an 


subject 


renr nt the resnonses 
i represe! e response 


consequently 


hancement that 
were tortunate 
lapping range 


ne 


ippearance Ol 


onclusions 


this 
number of potential func 
run into the same problem 
vitz’ suggestion of analyz 


i ig 
with respect to McLauren or Fourier functions 
| I h other functions might fit, tl 
hose fits remarkably well. The 
s beyond the scope 


determining the X’* probability 


of 


Witl rarad I juestion 
+} 


even ause the null hypothesis is in the 
sent the mat which we were 95 to 98 percent for the fit of these curves 
onfronted, | inl m for his remark that we Ss a very, very close, excellent fit, and it 
from our previous uld be doubtful that experimental data could be 
ected to fit any other form better 


t 


ive improved our apparatus 


system, by alternatins iminance above and 


so that thers = mal ndenendent analvsis 
rather than rely upon the rs’ methods as fat 

is their I themat t es ire ncerned 

Dr. R. H. PeckKHAM g [ must say that 

t is most gratif ng to find peopl 
willing to take the time t paper, listen to a 
paper liscuss hind then bring 

If I may, I will go through the rough notes | [i 
some of these ies t not necessarily 
answer thet 

Dr Adler pointe it ft [ we lone tne ex 
periment rea n which there is 
spatial summation, \ ght ve found spatial 
summation. This is true. Nevertheless, Polyak indi 

tes the possibilit mmation in the 

men ond in the the fovea. Perhat 

S many as eignt r te ~ nder some if i spons 
tem through the te! te the standard deviation is spread out 

vons rent! thoug tere 1s possibility of The peculiar phenomenot tr el 
spat the that W we tound level ped because we 

‘ wna cic loes el iol et withir entrall ve 

te the le t sum Had we nged the ranges, the = 
t Selig He vn that t x ke ild not have beet tected 
ore tror the nt nx n, W re We might Sé 

mfort e fixating position, the rods and nes ild be a function. The 

e equally effective eper I pon the brightness tions 1s mfhinite ind we 

nd the tvnical ntat rve with the by tell 

t about .001 { teandile + resents the change fror ng 
le th nes + +} ret Data re being Alt 

ollected peripher t the present t refer tior 5 


THE CONSISTENCY OF 


THE 


1955 CALIBRATION FOR 


VARIOUS TONOMETER WEIGHTS* 


Mansour F 
Towa 


As our efforts to improve the understand 


glaucomas grow 


ing and management of the 


more purposeful and systematic, the relia 


bility of the measureme the various 


criteria that might lead to empirically and 
operationally defined categories becomes of 
paramount importance. Among these criteria, 
the intraocular pressure is of 


lar 


predictions is bsaed on it 


special im 


portance sing a ge variety of « 


Furthermore, with the a it of tonog 


raphy and the possibility of investigating 


intraocular fluid dynamics in the human, the 


reliability of the absolute value of the intra 


ocular pressure has assumed 1 import 


ance ; for here the question must be answered 
whether a difference between findi 
a biological difference o1 


In 


estimate 


indentation ( Schietz 


of intraocular 


pressure obt 


1d 


from the calibration tables is justed for 


ge values of two variabl the corneal 
rigid 


ed” by th 


curvature and the coefficient 


ity. This estimate is always 


uncertainty of how 1 
particular eye may d 
values assumed in the 
Friedenwald’s ingenious 
controlling these vari 


measurement of the intraocular pressure in 
the undisturbed eve by indentation tonometry 
His 


system of measurement led him 
that the 


is known.” with this 


TICTICE 
to conclude 


“error” of this system for the 


various weights is uniforn 


ind known, only 
10 mm 


n andatory to 


for 
He 


use 


readings between 3.0 and 


This limitation makes it 


more than one weight in 


* From the Departn : 
University of lowa sented he 
the Midwestern S« 
search in 
April 18, 1959 


meeting 


Association Re 


tor 
Ophthaln 


Denver, Colorado 


ARMALY, M.D 


lowa 


compass the full range of 


countered clinically. Two weights are also 


needed to obtain a “qualitative” or a “quan 


titative” evaluation of the ficient of 


Cin 
For 


ascertain 


this reason 


rigidity in a particular eye. 
it is highly whether 


the 


important to 


calibration tables for the var 


are consistent: that is, whethe r 


eye, the 
hy 


pressure obtained 


tion tables } pectiy f the 
This question becom 
cant when “‘the 


S Investig 


might be 1 


designed and conducted, 


irs, under lition 


com 
cated as iT! is 


possible 


which the ire suppose 


GGENERAI ONSIDERATI 


In the design of this 
consiae red 


l To have 


pe rform 


tonomet 


various occasions 
2 To have tonometry wi 
performed only once 


lhe 


fluence that “technical” 


first appre ich would 


and 


of tonometry may have on 


the “coefficient of ocular rigidit 


~ 


the obvious disadvantage 


is that repeated tonometry, unless restri 


and spaced, alters the pressure.* On the ot 


hand, measurements, repeated over long 


tervals, require the undesirable assumption 


that the coefficient of rigidity remains un 


changed for a given eye 


Since the primary objective 


pressures ct 
for the sam 
|i ica! nate of the intraoculai 
ee from the calibra 

g 

ler 
These considerations made it desirable t 
evaluate the consistency of the corrected 
calibration tables of 1955 \ clinical study 
tonometry, the was for the past 

[ror the iverage we 

ration ry with three weights 

work ill ed if BB ed) on the Same eve ind repe ite 1 o1 

reduce the in 

oweves 

of this procedur 

order to cn- hc: 
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presentative mean value, but TABLE 1 
compare the performance of the VALUES OF TONOMETER USED 


in measuring the pressure : 
Nominal Weight Actual Weight 

elt that the second (in gm in gm 
ble as a method 1869 
30 
fruitful informa 5.4871 
tion 4869 
Since i tz tonometry, the rate of 0016 
0012 
0011 


outflow is increased ( f the rise in 


the intraocular | ul mm P, to Pr, su 

4986 
4988 
duction in pressut for no other than 4.4984 


cessive me: I hould indicate a re 


SOI uch a reduction does 

reflect an inconsistency in the 4 balance sensitive to a tenth of a mg. All 
However, as a variation, it may six tonometers tested proved satisfactory in 
ble “calibration” — this regard. The values related to the tonom 
depending upon the direction of that eter used in obtaining 75 percent of the 

Hence, it becomes necessary to include ta in this study appear in Table 1 
Further tests were concerned with the re 
peatability of the zero setting and the elec 
tronic performance of a tonometer against 
vccurately measured mechanical displace 
micrometer was designed with a 
yrecision ground test block and plunger to 
fit the nominal values of the tonometer foot 
plate and plunger curvatures with an accu 
racy better than 1/10,000 of an inch. The 
micrometer, calibrated in 1/10,000 of an inch 
divisions, was mounted vertically to an 
iluminum frame with a support to hold the 
handle of the tonometer in place while its 
body rested vertically on the copper base 
The plunger was perfectly aligned with that 
»f the micrometer and moved freely with it. 
In this position, the tonometer was out of 
I nall magnetic field of the 

(fig. 1-A) 

| possible to 
ro point for all tonom 
electronic performance 
iod of warm-up and 
Was possible to 


and 


ine the 
ing between O an by comparing the 


all plungers a1 


iccurately 
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obtain a m 
rather to 
hydro 
not, in 
calubra 
errot | 
in the 
evaluat 
all 
ments 
CT ill 
HIN 
] j 
i i 
t 
place! 
quired 
mperative to est reliable basis for check the uniformity of the footplate 4 
pari ind Sé le ng these tonometers plunger curvatures of the tonometers and 
One possible sou f error 1s any devia 
tion of the plung eights tror their 
plunger loads were weighed dM with measured vertical displacement of the 
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plunger with that recorded 
eter scale. 
these tests, four of the 


(on the basis of 


six tonometers were rejected for one or both 
of the following reasons 
a. The 


obtained 


between 
blo« k 
that obt 


difference zero point 


with the test with 


the tonometer and with the 


micrometer exceeded + 0.2 scale units. Ac 
tually, differences as high as two units wer« 


found. Incidentally, similar differences were 


revealed when the zero tonom 


point of one 


eter was determined with the test blocks of 


other tonometers 


b. The differences between ccurately 


measured equivalent of a certain 


ing on the micrometer and that recorded by 


the tonometer scale exceeded 0.2 units for 


a scale reading between 0 and 10 


The repeatability of int was 
| 


tested by removing the tonometer from the 


micrometer each time and 


mounting it again, 


repeating the determination several times 


For the tonometers selecte d, re peated deter 


minations were identical in the majority of 


meter 


F. ARMALY 


(B) Act record of the 


trials 


magnific ation of the 


down coupler was de 


lo improve 
record. step 
connect the tonometer a Leeds and 


recorder which sensiti 


thrup 
could be controll 
scale at flection 
scale 1 adequate 
only ings between 
He were rel 

was always 


fle ction for 


through a 
stabilizer. 
The 


tonometer 


zero setting and calibration 
and recorder were check 
micrometer before each test 


2. The perf f thi 


procedure was adopted. With the patient i 


the recumbent position and the collar loos¢ 
the test was adequately and reassuringly ex 


instil 


plained. Anesthesia was attained by 
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os 
wt 
os 
| 
60 sec 
| 
~ 
os 
Fig. 1 (Armaly). (A) Calibrating micromer, procedure 
and ‘the difference never exceeded 
Not 
PF ed at will. A fu 
ybtained for on 
stability. Since 
3.0 and 10 m1 
ea full scale de 
Mn =ME the scale range of 3.0 to 10 mn 
Hg 
of th 
ee 1 on the 
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ling two drops of Proparacaine (Oph- 


thaine) 0.5 percent on the cornea. Time was 
allowed for adequate anesthesia. The patient 
was then asked to fixate a 10-watt red bulb 


placed in the ceiling vertically above his 


head, and to maintain fixation with both eyes 
widely open. 
The tonometer with the 5.5 gm. plunger 


was then held above and close to, but not 
touching, the cornea of the eye to be tested 
for a period of 10 to 15 seconds, then al 
lowed to be supported completely and uni 
formly by the cornea for 10 to 15 sec 


The 


similar 


tested in a 
2.0 


onds other eye was then 


After 
weight was added and the eyes tested again 


20 


manner. this, the 


gm 


in the same sequence. The gm. weight 


was then replaced by the 4.5 gm 


the performed again 


weight was then removed and the tests re 


Cal witn tne inge! Che 
( S welg S Was 


the 


lapse between tests with 


that required to perform change in 


plunger loads, and varied between five and 
15 seconds ( fig 


Which eye Wi be 


beforehand, ( a 


tested first w: a 


termined record was 


made of the chosen “Squeezers”’ 


Sé que mce 


and patients unable to take the test without 


discomfort and without nual support of 


the lids were exclude 1 


(LINICAL AND BIOLOGI 


ATION 


Since it is difficult to d e, let alone con 


trol, the various itient factors that 


DOSSID 
I 


influence this test was felt that ran 


domization of these had the better chance o 


may 


success 


For this reason a larg al ple was taken 


including all ages betwe 
ind not unduly limite 
those select d had any 


past sclerocorneal damag intraocular dis 


ease other than errors of refraction or nu 


clear sclerosis. All had ial central v 


fields. 
Two hundred wert from the re 


S¢ ected 
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fraction service of the State University of 


Iowa Eye Clinic without aiming at a random 
sample ; in addition, 319 were recruited from 
a carefully selected sample that was repre 
sentative of the general population of 40 
years of age or older. 

It may be stated here that the analysis of 
the results obtained from each sample 
showed differences in the absolute values of 
the 


weights, but identical results for the trends 


measurements made with various 
analyzed. 

Since the objective of this study was not 
to investigate the distribution of 


the 


pressure 
readings in “normal” population, but 
rather to investigate differences in readings 
obtained with various weights on normal 
eyes, and since the analyzed trends were 
identical in both samples, the results of the 
analysis of the combined data will be pre 
sented. The ratio of females to males in the 
total sample was 4:3. 

3. Results and interpretation. The means 
and standard deviations of the distribution 
of all values obtained with various weights 


Table 2. 


The first row refers to eyes on which i 


appear in 


was possible to obtain scale readings between 


3.0 and 10 mm. Hg with each of the three 


weights. The second row represents eyes on 


which such readings were obtained with the 


5.5 and 7.5 gm. weights. The 10 gm. weight 


reading obtained was outside the 3.0 to 
Hg range and therefore, was dis 

carded 
It is apparent that the means of the read 


ings obtained on the same eye differ signifi 


rABLE 2 
STANDARD DEVIATION OF PRES 
WITH DIFFERENT WEIGHTS 


[HE MEAN +THI 
SURE READINGS 


P Pp ps 
2.39120 + 2.58 16.67 4 


3.02 


Ratio F: 


— 
ween 15 and 95 vears 
1 as to sex. None of P 
19.71+2.3519.6 3.70 
17 32+ 3.01/17. 72 + 15.92 +3.04 
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cantly from each other depending on the 


weight used. The estimate of the mean in 
traocular pressure obtained with the 7.5 gm 
weight is larger than that obtained with the 
weight and smaller than that ob 


These differ 


5 gm 
tained with the 10 gm. weight 
ences between the means are Statistically sig 
nificant at the five-percent level of confi 
dence for the 7.5 and 5.5 gm. weights, and 
at the 0.001-percent level of confidence for 
the 5.5 and 10.0 gm. weights 

li is to be noted that this difference is in 
a direction opposite that produced by repeti 
The effect of 


parent when the mean of the initial 5 


tion repetition becomes ap 


5 gm 
weight reading is compared with that of the 


final 5.5 gm.-weight reading. Hence, repeti 


tion has partially masked th discrep 


ancy between the various w the true 
diiference is larger 

The true value of the discrepancy was ap 
proximated by adding to the mean values 
obtained by each weight, that fraction of the 
total to P*;.; that « 
be assigned to that step in the procedure 


in 


reduction from P an 


The total reduction depends on the rise 


| to P, 


It is also influenced 


isure 


of 


ear h me 


I the 


pressure from 


ment facility 


and the coefficient of ocular ri 
and K, the 


outflow, ¢ 
gidity, K. The greater the P,, ¢ 
the expressed 
greater is its effect on the intraocular pres 
that the dis 


1s volume and the 


greater 


sure. Since it is safe to assume 


tribution of C and K in the sample is ran 
the | 


could 
tioned with respect to the mean P 


dom,* total reduction appor 


for each 
weight. This was done in proportion to the 
ratios of the weights,’ considering that every 
reading is influenced by the weight used to 
the preceding 
ob 


} 


it, well as by 


The 


determine 


das 


weights share of each was then 


tained by multiplying the total 
the ratio factors that appear in 


Another interesting difference 


* Because of the absence of 


the improbability of accide 
this size 
t Using 


Mean P, 


value s yl 
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tween the mean total reduction of the first 


row (2.54) and that of the 
(1.40). All eyes had been treated alike, 1 
those in the first row were the ones with the 
d 


second row 


yet 


higher initial pressure. This was interpret 


as reflecting the nonlinear nature of the 


pressure volume relationship and the fact 


that higher P, values are obtained with 


higher P,’s, which lead to the expression of 


a larger volume of fluid from eyes that are 


more sensitive t volume loss be cause of rie 


higher initial pressure. 
In 
approximation, 
using the 5.5 en 


determinations in otherwi 


before Che means and 


a> 


tions of the distribution 


re adings 


tween gS ap] 


Note 


ase 


SUCCESSIVE 


these differences 


that 
with re pe tition because 


to loss of fluid at lower pr 


Sensitivily 
Ve t all these difts rences are significant at the 


of confidencs 


one-perce nt level 


The difference | 


vetween the 


ond reading is 


that even one 
ular pressur 
the initial pr 
first, then tor 
first and then on 
ing indi 

TABLE 3 


STANDARD DEVIATK 
OF THE DIFFERENCI 
READINGS OF REPEATED 
WITH 5.5 GM. WEIGH 
PLUNGER 


MEANS AND 
THE DISTRIBt 
BETWEEN 
TONOMETRY 


— 
were perfort ed 
1 
the same routine 
ees: in Table 3 
gradually d 
of the luced 
Re first and s 
of creat interest. It indicates 
laces the intracs 
rae on ich eve 
perfor ed on the 
d eve. This find 
| 
[he superscript rete to the order { the re | 9 
St oat 
lea 
eduction rv I I 0.454 0.784 
| le 
LabDie P 0.381 0.939 
P P 0.20 0.926 
planned selection, and P 0.727 0 934 
P 0.927 1.350 
elded identical ratios 
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cant difference 1 lculat > values 


whether the P., appearing in » formula 


Pes ) 


Ps 


t+ 


mrerence 


MEAN ( 


than the 


this discrey %s 


) 


litv of outflow, 


5.5 


MEAN ( 
4 


75 85 95 


relation 


did not fall 

pressure group.” Therefore, it 

was ne iry to correct those with lower 
pressure by utilizing the ratios obtained 
first graph of Figure 2. This cor 
rection was made for the age groups be 
tween 65 5 years and appears as a 
in the second graph of Figure 2 


correlation between total reduction 


is not sO impressive as that between 
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cf 
1.66 | 
4 | 
4 
av.—Py—AP 
0.988 
s read from the scale reading at the begin Se 
Z 
ning of the tonogr on the first eye, o1 Zz 
m4 0.333 
tre the tonometry. | Makes 
the ilculated Ll ue 
Since the 1 I 
incy is influenced by the 1 
the under-estimatior values will be 5 
tin 
greater in the nor than in the Glaucoma ase 
population | I = 
\ values in these ps 
In this regard it is of interest tha r ; 
AGE 
phed by the ratio ol gehts in ible 2 x 
9.17 85 83 
58 173 17.44 ‘ 
to those in Table 3, t t the resu =. 
1.218 g 
recorded it | le les strong f 
f 
z 
luctior 
i5 25 35 45 55 65 
orre Ol I £ AGE 
the total redu : , e initial pressure 
to the é re (upper graph) ar (mid 
une entire | eal tot re ict 1 ror 
I il re luction pres ré oT re ded 
a nnect ft ene recte for 
the re luct I nd I tial pressur©re ‘ ‘ ‘ eT the sampik 
reading. Difteret ticle The the itior 
When the t ’ vas investigate 
Is age other interesting 
‘ 4} 
rl it10n was 1 we 
el é gre ips y A 
sahiich thi th ace. it was 
o establish S ag 
mportant to rul t the possible difference 
il 
n initial pressur eel rious age 
] ) +] 1 for ¢ } nd ave 
The means oft eq to! icn ind ave 
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45 55 65 
AGE 


6-10 

Fig. 3 (Armaly) 


differences 


he distribution of 
between tl ressure reading tl 


> gm. plunger and 
| ve cal ul 

lines connect means 

lines connect the mear 


total reduction 


I he de 


e becomes 


total reduction and initial pressure 


total reduction with a; 


crease in g 
5 


significant only after the age of 55 years. It 
is impossible to tell from this data whether 
this relationship reflects the effect of reduced 
facility, reduced rigidity, or a more general 
difference related to cardiovascular re 
sponses. 

with 


reduction correlates 


became important 


Since the total 


pressure and age, it to in 
vestigate a possible correlation with sex in 


order to rule out the possibl ettect of the 


rABLE 4 


[HE MEANS AND THE STANDARD DEVIATIONS OF 
THE DISTRIBUTIONS OF DIFFERENCES BE- 
I'WEEN READINGS WITH VARIOUS 
WEIGHTS OBTAINED IN THE TWO SEXES 


(The superscripts refer to the order of the reading 


Males 
Mean 


Females 
Mean +S.D 
0.008 + : 0.48 +1.20 


0.47 + 1.60+1.40 
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Class Ge é 
+ 0 


2 35 45 55 65 75 85 95 
AGE 


ratio of males to females in the san 


total 


iple 


reduction is found to be identical 


the two sexes, Table 4. Therefore, it is justi 


fiable to speak of a correlation between total 
reduction and 


Next, it 1S important to investi 


the difference between the reading of 


7.5 gm. plunger and those of the 5.5 


plunger correlates with age, initial 


and sex, as well as the difference 


the readings of the 10 gm. plunger a1 


of the 5.5 gm. plunger. The mean differences 


for each age group and initial pressure 


group are shown in Figures 3 


means of uncorrected 


scores appeal 


dotted lines, those corrected for the masking 
effect of reduction with repetition aj 
solid lines. 


he 


means were significantly different for differ 


uncorrected as well as the corrected 


ent age groups. The distributions of P 
age were identical and parabolic and reach a 
the 40 and 


years. This discrete and significant correla 


and that of P; P*;.5, with respect to 


maximum between 
tion between the differences among readings 
with various weights and age cannot be re 
garded only as a manifestation oi the cali 


bration error. Instead, it should be looked 
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a?’ 1.0 LO 
73 } 
a t 
0.58 
} 0.5 
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7 35 95 
i 0.14 
/ 
/ 
Fig. 4 (Armaly). Same as Figure 3 for differ 
ences between pressure readings of the 10 a 
plunger and those f the 5.5 gm. plunger 
it of the 5.5 gm. plunger in 
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upon as representing the distribution of a 
biological variable that can influence the dif 
readings with various 


ference between 


weights. The most likely factor is the co- 


efficient of ocular rigidity. These curves then 
represent the variation of ocular rigidity 
with age. 

The distributions of these differences with 
initial shown in 
The 


scores shown in dotted li 


respect to pressure are 
the uncorrected 


Figure 5 means of 


nes, vary inversely 
and significantly with the initial pressure. 
However, before one can interpret this as a 
initial 


rigidity and 


relati mnship between 


pressure, or between the true discrepancy 


and initial pressure, it is necessary to show 
that this relationship is independent of repe 
tition 

When the effect of repetition is corrected 
the differences of the three 


are no longs 


for, mean 


significantly different 


for pressure readings between 14 and 25 
mm. Hg; yet, despite this correction, these 


gnificantly less for 


10 and 13 


plungers (see 


differences remained si 


pressure readings between mm 


Hg 


solid lines in Figure 5) 


5.5 and 7.5 gm 


for the 
Chis means that the 
calibration of 


discrepancy or error in the 
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the three weights is uniform for pressure 
readings between 14 and 25 mm. Hg and be- 
comes significantly less for pressure read- 
ings between 10 and 13 mm. Hg. 

These differences were investigated with 
respect to sex, and the results are shown in 
Table 4. The mean difference in the males 
differed significantly from that in the fe 
males. Considering that the total reduction 
was identical for the two sexes, it becomes 
most unlikely that this difference reflects a 
difference in the reaction of the two sexes to 
tonometry, but a difference in the ocular ri 
gidity of the two sexes. Hence, the coeffi 
cient of ocular rigidity is higher in the fe- 
males. 

The relation of the total reduction to the 
uncorrected difference between readings ob 
tained with various weights was investigated 
for each eye. The results are shown in the 
upper tracings of Figures 6 and 7, which 
indicate that as the difference becomes posi 
tive and greater the mean total reduction be 
comes less. However, for this to be inter 
preted as representing the relationship be 
tween the effect of repetition and ocular ri 
gidity, it is important to show that it is not 


caused by the proce dure. 
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iga 
tudes of total reduct 
shown in the lower tracings of These find 


and 7. This relationship indicated that when ways undere 
the total reduction was greater the uncor go] I 
rected or detected difference was less. This 

favors our view that th 

represent the eftect 


on our estimate 


tionship, contrary to tl between gidi 


the effect of repea ind rl should 


gicdity the int 
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The coefficient of ocular rigidity for vari distribution of the coefficient of ocular ri 
ous age groups was calculated from Frieden gidity in various age groups was not linear 


but parabolic and reached a maximum at 40 
and the mean to 55 [ 


* and simular wit the P 


wald’s 1955 nomograr * mean cor 
rected scores of years of age. It was significantly 


ater in women than in men. [he position 


Che values are shown in ble 5. They also of maximu 


n raises the question of whether 
ent does not in ocular rigidity is intimately related to the 


ase linearly has a parabolic 


deve lopment of certain disease categories of 


distribution this age group, especially the “slaucomas.’ 
So far, ilar rigidity has been considered 


1s a source of uncertainty in measuring the 
intraocular pressure with indentation tonom 
etry. These findings suggest that improved 


tec hnique S ¢ ent of this coc fficient 


uncover important physiopathologic at 


produced a significant 

pressure which can 

1 for by massage This effect 
rease the overlap of tonographic 
] 


the normal and glaucoma popu 


eads to an underestimation 
result f ocular rig in eves with 
crepancy ex 


calibration based on 

be guarded and evalu 

gilance. Such studies intro 

ct of various biological variables 
lves capable of produc 
significant differences in the results of 


netry 


1qucous 


Med 


, 20:985-1024 
, 22:375-383, 1939 
h., 1954 


ule for S 


estigati ‘ } 
nsisted of 500 on th l eves tt butes 
Che characterist I rootptiate al Singie to 
plunger were found te markedly in the reduction in 
six Mueller’s electror tor eters investi be iccounts 
gated. This nonunif luced signifi tends to in 
int difterences betv ! easurements ol estimates u 
7.5 ind 10 plunge veights irgel LA 
ocular pressure This it nsistency is ut sical 
form for pressure re ng tween 14 and luce 
25 Hg, but is sig ntly low u 
The differet ret wee! lings obtained 
found to correlate v nd sex. Th University Hospitals 
REFERENCES 
Friedenw G H Resist et tlow of humor. Glau 
\ r ( tior Sciences 
l 
2 ‘ Or 193 
2 ntril nr tonometr Opht 
ters, Tr. Am. A ( 61: 108-122. 1957 
! 


ASSOCIATION FOR RESE. ‘H IN OPHTHALMOLOGY, IN¢ 


BUSINESS SESSION meeting will help the Section, as well as 
= . winter meeting. Perhaps the term “midwinter’ 
Tuesday, Tune 9, 1959 


ing in December is a little farfetched 
CHAIRMAN ROMAINE I n will take seems to be a convenient time for 
a short period fur a business meetit We come next to committee 
I would like to say a few about the sence 0 r. McDonald, Dr. F 
association. I think any association that has grown ; ay he will give the rep 
irom a men bership of less than 5 ilmost 1,100 committee 
members deserves some recogn Thanks ought Dr. Farr -- Chairman, 
to go to the people n rganized tl issociation inate Dr rvi I eopold 
und brought it through 1 rowlt ul trustee, 
would like io “greats” treasurer 
Dr. Berens, Dr. Hea t i r. Benedict, CHAIRMAN 
the Drs. Post, Dr. Bedell ul Harley, and nominated 


uny others why the wheel secretary 


d gave this organizatior irt Iso, the people 
I s it should 
one vote for the 


Dr. Farr: | 


Dr Far: 7 


tined 


public ac 


is has help Chamberlait 
CHAIRMAN 


woul 


ittee, 


HALMOI 


winter 
thank 
big 
nator al 
combine tl na il ng ith me TI ankK 
sectional | é is ( HAIRMAN 
Southeastern Section, mber 3rd, 4th, We will 
t Augusta gia, under th airman believe it 


Fair. The 


meet 
eeting 
the 
munating 
e to nor 
sitior ot 
secretar 
il ‘ s the usual met] 1 ve 
rec slate 
t the section officers e, | thu enhanced the CHAIRMAN RoMAINI Also. since e is in his 
work f the national organizatior believe this working lothes | will isl Dr I t to 
ear the fact that mar the ect s are having stitute for Dr. mberlair » rent! t 
two- and three-day programs indicates a tremendous here, and Dr. Henry Allen, who constitute t 
nerease in progress ‘ mmittes 
I would like to thank Dr. Va Mrs. Chalkley m told that the report of ~— 
tor the elp the ive ¢ r n pul ition 1 vintant has beet inspe ted 1 D1 
Thack yee, Dr. Foie. 
t ROMAIN Thank you, Dr. Fait 
scientin« enters have als ncre their f ilities The Board f Trustees has suggested the f 
und made it possible for hetter work 1 he lone ng people i one members ps 1 - 
Last, but certainly not least, the tremendous ad- Alexander, Mary Latzker, John Dunnington, at 
ministrative job done Dr. Johnson and Miss Frederick Cordes this meets with the appt 
Warren in building up the number of members of f the membership, we w ay eer , 
the issociatior und inmcreasit their nterest im it They are epted 
is deeply appreciated The last report is that of our very ¢ S eaewetes 
[| @@Mld like to thank the local arrangements treasurer, Dr. Johnsot 
yom Dr. Haigh and all thos have helped SecreTARY LorAND JOHNSON: The 1d re 
him making this meeting und the mem port | s heer | the t ‘ 
ers tf the Section on Opht ! logy of the nd printed in the Spring ssue the Supplement 
American Medical Associatiot r their help and I regret this Supplement was not ready prior 1 
operator und most ertall e essayists wl the meeting but 1 will rece { pal 2 
are ontributing their time nd ¢ work the lu Ssue Cn AM AN RNA 
I would like to sa word t the first mid Op T maa (x 
ort t the the han} 
958 was $11,480. There were 109 ne 
mbership as of June 1, 1959 is 1,097 
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